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(54) TlUe: COMPOSITIONS AND METHODS OF DELIVERY OF PHARMACOLOGICAL AGENTS 



(57) Abstract: The present invention relates to a pharmaceutical composition comprising a pharmaceutical agent and a pharmaceu- 
tically acceptable carrier, which carrier comprises a protein, for example, human serum albumin and/or deferoxamine. The human 
serum albumin is present in an amount effective to reduce one or more side effects associated with administration of the pharmaceu- 
^5 tical composition. The invention also provides methods for reducing one or more side effects of administration of the pharmaceutical 
composition, methods for inhibiting microbial growth and oxidation iii the pharmaceutical composition, and methods for enhancing 
transport and binding of a pharmaceutical agent to a cell. 



wo 2004/052401 



PCT/US2003/038941 



COMPOSITIONS AND METHODS OF DELIVERY OF PHARMACOLOGICAL 

AGENTS 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 
[0001] Tins pateat application claims tiie benefit of U.S. Provisional Patent ^yplication 
No. 60/432^17 filed December 9, 2002, U.S. Provisional Patent Application (Attonaey 
Docket No, 225519) filed December 3, 2003, U.S. Provisional Patent Application (Attorney 
Docket No. 225549) filed December 4, 2003, and U.S. Provisional Patent Application 
(Attorney Docket No. 225585) filed December 5, 2003. 

FffiLD OF THE INVENTION 
[0002] This invention pertains to pharmaceutical compositions comprising 
phannaceufically active agents for parenteral or other intmial use, ^wfaich have the effect of 
reducing certain undesirable side effects upon administration vdien compared vnth available 
formulatiohs of similar drugs. 

BACKGROUND OF THE INVENTION 
[0003] It is well recognized that many drugs for parenteral use, especially those 
administered intravenously, cause undesirable side effects such as venous irritation, 
phlebitis, burning and pain on injection, venous tim)mbosis, extravasation, and other 
administration related side effects. Many ofthese drugs are insoluble in \vater, and are thus 
formulated ivith solubilizing agents, sur&ctants, solvents, and/or emuldfiers that are 
irritating, allergenic, or toxic ^en administered to patients (see, e.g., Briggs et al., 
Anesthesis 37, 1099 (1982), and Waugh et al.. Am, 1 Hasp. Pharmacists, 48, 1520 (1991)). 
Often, the free drug present in tiie formulation induces pain or irritation upon 
administradoiL For example, phlebitis was observed in 50% of patients who received 
peripheral vein administration of ifosfamide and vinorelbine as first-line chemotherapy for - 
advanced non-small cell lung carcinoma, (see, e.g., Vallejo et al.. Am. Clin Oncol, 19(6), 
584-8 (1996)). Moreover, vancomycin has been shown to induce side effects such as . 
phlebitis (see, e.g.. Lopes Rocha et aL, Braz, J, Infect Dis., 6(4), 196-200 (2002)). The use 
of cisplatin, gemcitablne, and SU5416 in patients with solid tumors has resulted in adverse 
events such as deep venous thromboses and phlebitis (see, e.g., Ku^ien et al., J Clin. 
Oncol, 20(6), 1657-67 (2002)). In addition, propofol, an anesthetic agent, can induce pain 
on injection, burning and vein nritation, particularly \dien administered as a lecithin- 
stabilized fat emulsion (see, e.g. Tan et al., Anathesia, 53, 468-76, (1998)). Other drugs that 
exhibit administtation-associated side effects include, for example, Taxol (paclitaxel) (see, 
e.g., package insert for Taxol LV,), codarone (amiodarone hydrodhloride) (see, e.g.. 
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package insert for Codarone LV.), the thyroid honnone T3 or iiothyfonine (commercially 
available as Triostat), thiotepa, bleomycin, and diagnostic radiocontrast agents. 
[0004] Another problem associated with the manufacture of drugs for injection, 
particularly water insoluble drugs, is the assurance of steriUty. Sterile manufacturing of 
drug emulsions/dispersions can be accomplished by absolute sterilization of all the 
cbmponents before manufocture, followed by absolutely aseptic technique in all stages of 
manufacture. However^ such methods are time consuming and e}q)«asive. In addition, the, 
oxidation of drug £>rmulations by exposure to air during manu&cture or storage can lead to, 
for example, reduced pH, drug degradation, and discoloration, 1ha:eby destabilisdng the 
drug formulation and/or redudng shelf Ufe. 

[0005] To circumvent the problems associated with administration-related side effects 
of drug formulations, alternate formulations have been attempted With respect to propofol, 
for example, methods for teducing propofol-induced pain include increasing tiie fat content 
of fliB solvent (e.g., long chain triglycerides (LCT)), premedication, pretreatment with non- 
steroidal drugs, local anaesthetics, opioids, the addition of lidocalne, die addition of . 
cyclodexton, and microfiltration (see, e.g., Mayer et al., Amesthesist, 45(1 1), 1082-4 
(1996), Davies, et aL Anaesthesia, 57, 557-61 (2002), Doenicke, et 3l.,Amestk,Analg., 82, 
472-4 (1996), Larsen et al., Anaesthesitis 50, 842-5 (2001), Lilley et al.. Anaesthesia, 51, 
815-8 (1996), Bielen et al., Anestk Analg,, 82(5), 920-4 (1996), and Knibbe et al., Br.l 
Clin, Pharmacol^ 47(6), 653-60 (1999)). These formulations, however, mduce other side 
effects (e.g., cardiovascular complications), or cause destabilization of propofol emulsions. 
[0006] To overcome the problem of bacterial contamination, propofol formulations 
have been developed with antibacterial agents, such as an EDTA equivalent (e.g., edetate), 
pentetate, or sulfite-containing agents, or they have been have been formulated with a lower 
pH (see, e.g., U.S. Patents 5,714,520, 5,731,355, 5,731,356, 6,028,108, 6,100,302, 
6,147,122, 6,177,477, 6,399,087, 6,469,069, and Intemational Patent Application No, WO 
99/39696). Since edetate and pentetate are metal ion chelators, however, they have the 
potential to be dangerous by scavenging the essential metal ions from the body systemL 
Moreover, the addition of sulphites to drug formulations presents potential adverse effects 
to the pediatric population and for those in the general population who are aller^c to 
sulphur. 

[0007] Thus, there remains a need for a composition and method fliat reduce or 
eliminate the side efEects associated with the parenteral or b% vivo administration of drugs. 
There also is a need for a pharmaceutical composition that is sterile, and methods of 
preparing such a composition. In addition, there is a need for a pharmaceutical composition 
and method that reduce or eliminate oxidation of pharmaceutical formulations to prevent 
drug destabilization. 
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[0008] Tlie invention p]X)vides such coiBpositions and me^^ Tliese and oth^ 
advantages of the invention, as well as additional inventive features, will be apparent fix>m 
the description of the invention provided herein. 

BRIEF SUMMARY OF THE INVEhmON 
[0009] The invention provides various embodiments of pharmaceutical compositions. 
One, some, or all of the properties of die various embodiments can be found in different 
^bodiments of the invention and still &li within the scope of the appended claims. 
[0010] The invention provides a pharmaceutical composition comprising a 
pharmaceutical agent and a phamiaceutically acceptable carrier, wh^in the ' 
phannaceuticaliy acceptable carrier comprises a protein, such as albumin, more preferably 
human serum albumin, in an amount effective to reduce one or more side efifects of * 
administration of the pharmaceutical composition into a human, and vdierein the 
pharmaceutically acceptable carrier comprises deferoxamine in an amount effective to 
inhibit miorobial growth in the phamiaceutical composition. The invention also provides a 
pharmaceutical composition comprising a phannaceutical agent and a phannaceuticaliy 
acceptable carrier, wherein the phannaceuticaliy acceptable carri^ comprises a protem, 
such as albumin, in an amount effective to reduce one or more side effects of administFation 
of the phannaceutical composition into a human, and ^^erein the pharmaceutically 
acceptable carrier comprises deferoxamine in an amount effective to inhibit oxidation in the 
pharmaceutical composition. . 
[0011] The invention provides a method for reducing one or more side effects 
associated with administration of a pharmaceutical composition to a human comprising (a) 
adnunist^jng to a human a pharmaceutical composition comprising a pharmaceutical agent 
and a pharmaceutically acceptable carrier, wherein tiie pharmaceutically acceptable carrier 
comprises albumin and deferoxamme. Also provided are methods for inhibiting microbial 
growth, or for inhibiting oxidation, or for inhibiting microbial growth and oxidation in a 
pharmaceutical composition. These metiiods comprise preparing a phannaceutical 
composition comprising a pharmaceutical agent and a pharmaceutically acceptable carrier, 
Avherein the phaimaceutically acceptable carrier comprises deferoxamine in an amount 
effective for inhibiting microbial growtii or in an amount effective for inhibiting oxidation 
in tiie pharmaceutical composition. 

[0012] The invention also provides a method for enhandng transport of a 
pharmaceutical agent to the site of an mfirmity, ^ch metiiod comprises administering to a 
human a phannaceutical composition comprising a pharmaceutical agent and a 
pharmaceutically acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises albumin, and wherein the ratio of albumin to pharmaceutical agent in the 



wo 2004/052401 



4 



PCT/US2003/038941 



pbannaceutical composition is about 18:1 or less. The invention further provides amediod 
for enhancing binding of aphannaceuticai agent to a cell in vitro or in vivo, vMch method 
comprises administering to said cell in vitro or in vivo a pharmaceutical composition 
comprising a pharmaceutical agent and a pharmaceutically acceptable carrier, wherein the 
phannaceutically acceptable carrier comprises albumin, and wherein tiie ratio of albumin to 
pharmaceutical agent in the pharmaceutical composition is about 1 8:1 or less. 
[0013] The mvention also provides a pharmaceutical composition comprising a . 
phannaceuticai agent and a phannaceutically acceptable carrier, wherein the 
phannaceutically acceptable carrier comprises albumin in an amount effective to increase 
transport of the drug to the site of infirmity in a human, and \^erein the ratio of albumin to 
pharmaceutical agent is about 1 8: 1 or less. 

[0014] TTie invention further provides a method for increasing the transport of a 
phannaceuticai agent to a cell in vitro or in vivo by combining said agent with a protein, 
wherein said protein binds a specific cell-surface receptor on said cell, ^v^erein said binding 
of the protein-pharmaceutical agent combination with the said receptor causes the transport 
to occur, and i;dierein the ratio of protein to pharmaceutical agent is about 18:1 or less. 

DETAILED DESCmPnON OF THE INVENrnON 
[0015] The invention provides a pharmaceutical composition comprising a 
phannaceuticai agent and a pharmaceutically acceptable carrier, \\^erein the 
pharmaceutically acceptable carrier comprises a protein such as albumin, preferably human 
serum albumin, in an amount effective to reduce one or more side effects of administration 
of the phatmacratical cono^osition to a human, and herein the pharmaceutically . 
acceptable carrier comprises deferoxiamine in an amount effective to inhibit microbial 
growth in the phannaceuticai composition. The invention also provides a pharmaceutical 
composition comprising a pharmaceutical agent and a phannaceutically acceptable carrier, 
wherein tiie pharmaceutically acceptable carrier comprises a protein such as albumin in an 
amount effective to reduce one or more side effects of administration of the phannaceuticai 
composition to a human, and wherein the pharmaceutically acceptable'carrier comprises 
deferoxamine in an amount effective to inhibit oxidation in the pharmaceutical composition. 
[0016] Any suitable pharmaceutical agent can be used in the inventive pharmaceutical 
con^sition. Suitable phannaceuticai agents include, but are not limited to, anticancer 
agents or antineoplastics, antimicrotubule agents, immunosuppressive agents, anesthetics, 
hormones, agents for use in cardiovascular, disord^, antiarrythmics, antibiotics, 
antifungals, antihypertensives, antiasthmatics, analgesics, anti-inflammatory agents, anti- 
ardmtic agents, and vasoactive agents. The invention is useful with many other drug 
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classes as welL More specifically, suitable pharmaceutical ageots include^ but are not 
limited to, taxanes, (e.g., Taxol*^ (paclitaxel), and Taxotete™ (docetaxel)), epothilones, 
camptothecin, colchicine, amiodarone, thyroid hormones, vasoactive pq)tides (e.g., 
vasoactive intestinal peptide), amphotericin, corticosteroids, propofol, melatonin, 
cyclosporine, rapamycin (sirolimus), tacrolimus, mycophenolic acids, ifosfemide, 
vinoielbine, vancomycin, gemcitabine, SU5416, thiotepa, bleomycin, diagnostic 
radiocontrast agents, and derivatives thereof. Other drugs tiiat are useful in the inventive 
composition are described in, for example, U.S. Patent 5,916,596 an4 co-pending U.S. 
Patrat Application No. 09/446,783. Preferably, the pharmaceutical agent is propofol, 
paditaxd, or docetaxel. More preferably, the pharmaceutical agent is propofol or 
paclitaxel. Most preferably, the pharmaceutical agent is propofol. 
[0017] Taxol® (paclitaxel) (Bristol-Myers Squibb) is active against carcinomas of tiie 
ovary, breast, lung, esophagus and head and neck. Taxol, however, has been shown to 
induce toxicities associated with administration, as well significant acute and cumulative 
toxicity, such as myelosuppression, neutropenic fever, anaphylactic reaction, and poipheral 
neuropathy. Because paclitaxel is poorly soluble in water, cremophor typically is used as a 
solvent, requiring large infiision volumes andispecial tubing and filters. Cremophor is 
associated with side effects that can be severe, includmg anaphylaxis and other 
• hypersensitivity reactions tiiat can require pretreatment witii corticosteroids, an t ihistamines, 
and Hz blockers (see, e.g., Gelderblom et al., Eur. J. of Cancer, 37, 1590-1598, (2001)). 
Taxotere™ (docetaxel) is used in treatment of anthracycline-resistant breast cancer, but also 
has previously been shown to induce side effects of hypersensitivity and fluid retention that 
can be severe. Epothilone (and derivatives thereof) also typically is administered in 
cremophor, and has been showia to induce severe neutropenia, hypersensitivity, and 
neuropathy. 

[0018] Propofol p,6-diisopropylphenol) is a hydrophobic, water-insoluble oil, which is 
Widely used as an intravenous anesthetic agent to induce and maiiitain general anesthesia 
and sedation of humans and animals. Propofol typically is administered directiy into the 
bloodstream and crosses tiie blood-brain barrier. Pharmaceutical compositions comprising 
propofol must have sufiScient lipid solubility to cross this barrier and depress tiie relevant 
mechanisms of the brain- Propofol has a maximum solubility in water of 1.0 +/-0.02 pM at 
22.5 °C(see,e.g.,Tonneretal.,i4«eJ/towfo5y, 77, 926-931 (1992)). As such, propofol is 
genecally formulated as an emulsion containing solubiliang agents, surfectants, solvents, or 
as an oU-in-wat^ emulsion (see, e.g.; U.S. Patents 6,150,423, 6,326, 406, and 6,362,234). 
In addition to the active pharmaceutical agent, the compositions of tiie present invention 
include pharmaceutical carriers, or excipients. The choice of carrier is not necessarily 
critical, and any of the carriers known in the art can be used in the composition. The choice 
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of carrier is preferably detennined, in part, by 1^^ 

pharmaceutical composition is to be administeFed and the particular method used to 
administer fte pharmaceutical composition. Preferably, the phannaceutic^y acceptable 
carrier comprises proteins. Any suitable protein can be used Examples of suitable proteins 
include, but are not limited to albumin, immunoglobulins including IgA, lipoproteins, 
apolipoprotein B, beta-2-maax)globulin, thyroglobulin and the like. Most preferably, the 
phannaceutically acceptable carrier comprises albumin, most preferably human serum 
albumiiL Protems, including albumin, suitable for the invention may be natural m origin or 
synthetically prq)ared. 

[0019] Human serum albumin (HS A) is a highly soluble globular protem of Mr 6SK and 
consists of 585 amino acids. HSA is the most abundant protein in the plasma and accounts 
for 70-80 % of the colloid osmotic pressxire of human plasma. The amino acid sequence of 
HSA contains a total of 17 disulphide bridges, one free thiol (Cys 34), and a single 
txyptophan (Trp 214). Intravenous use of HSA solution has been indicated for the 
prevention and treatment of hypovolumic shock (see, e.g., Tullis, JAMAy 237, 355-360, 460- 
463, (1977)) and Houser et al., Sia-gery, Gynecology and Obstetrics, 150, 811-816 (1980)) 
and in conjunction with exchange transfusion m the treatment of neonatal 
hypeibihrubinemia (see, e.g., Finlayson, Seminars in Thrombosis and Hemostasis, 6, 85- 
120,(1980)). * 

[0020] Human serum albumin (HSA) has multiple hydrophobic binding sites (a total of 
eight for fetty acids, an endogenous ligand of HSA) and binds a diverse set of dmgs, ' 
especially neutral and negatively charged hydrophobic compounds (Goodman et al.. The 
Pharmacological Basis of Therapeutics, 9^ ed, McGraw-IBU New Yoric (1 996)). Two higji 
afiSnity binding sites have been proposed in subdomains IIA and UIA of HSA, i;^di are 
highly elongated hydrophobic pockets with charged lysine and argimne residues near flie 
sur&ce vdiich function as attachment points for polar ligand features (see, e.g., Fehske et 
al., Biochem. PharmcoL, 30, 687-92 (1981), Vorum, Dan. Med Bull, 46, 379-99 (1999), 
Kragh-Hansen, Dan, Med BtUl, 1441, 131-40 (1990), Cuny et al., Nat. Struct Biol, 5, 
827-35 (1998), Sugio et al.. Protein, Eng., 12, 439-46 (1999), He et al.. Nature, 555, 209-15 
(1992), and Carter et al.,^^fv. Protein. Chem., 45, 153-203 (1994)). Paclitaxel andpropofol 
have been shown to bind HSA (see, e.g., Paal et aL, Eur. J. Biochem., 268(7), 2187-91 
(2001), Purcell et al., Biochim. Biophys. Acta, 1478(1), 61-8 (2000), Altmayer et aL, 
Arzneimittelforschung, 45, 1053-6 (1995), and Garrido et al.. Rev. Esp. Anestestiol 
Reanim., 41, 308-12 (1994)). In addition, docetaxel has been shown to bmd to human 
plasma proteins (see, e.g., Urien et aL, Invest. New^Drugs, 14(2), 147-51 (1996)). Thus, 
while not wishing to be bound to any particular theory, it is believed that the inclusion of 
proteins such as albumin in the inventive pharmaceutical con^ositions results in a reduction 



wo 2004/052401 



PCTAJS2003/038941 



7 

in side effects associated with adininistiation of the phamiaceutical composition tiiat is due, 
at least in pail; to the binding of human serum albumin to any free drug that is present in &e 
conQ)Osition. 

[0021] The amount of albumin included in tiiie pharmaceutical composition of the 
present invention will vary depending on the pharmaceutical active agent, other excipients, 
and the route and site of intended administration. Desirably, the amount of albumin 
included in the composition is an amoimt effective to reduce one or more side effects the 
.active pharmaceutical agent due to the of administration of the inventive pharmaceutical 
conq)Osition to a human. Typically, the pharmaceutical composition is prepared in liquid 
.foim« and the albumin is then added in solution. Preferably, the pharmaceutical 
cor^)osition, in liquid foim, comprises fiom about 0.1% to about 25% by weight (e.g. about 
0-5% by weight, about 5% by weight, about 1 0% by weight, about 1 5% by weight, or about 
20% by weight) of albumin. Most preferably, the pharmaceutical composition, in liquid 
• form, comprises about 0.5% to about 5% by weight of albtmiin. The pharmaceutical 
composition can be dehydrated, for example, by lyophilization, spray-drying, fluidized-bed 
drying, wet granulation^ and other suitable methods known in the art When the 
cbmpodtion is prepared in solid form, such as by wet granulation, fluidized-bed dryiiig, and 
otiier methods Imown to those skilled in &e art, the albumin pre^ 
active pharmaceutical agent, and other excipients if present, as a solution. The HSA 
solution preferably is from about 0. 1% to about 25% by weight (about 0.5% by weight, 
about 5% by weight, about 10% by weight, about 15% by wdgjit, or about 20% by weight) 
of albumin. 

[0022] In addition to albimiin, the compositions of the present invention preferably 
comprise deferoxamine. Deferoxamine is a natural product isolated firom Streptomyces 
pilosus^ and is capable of forming ii'on complexes. Deferoxamine mesylate for injection 
USP, for CKample, is approved by tlie Food and Drug Administration as an iron-chelating 
agent and is available for intramuscular, subcutaneous, and intravenous administration. 
Deferoxamine mesylate USP is a white to off-v^te powda:. It is fieely soluble in water 
and its molecular weight is 656,79. The chemical name for deferoxamine mesylate is N-[5- 
[3r[(5-aminopentyl)-hydroxycarbamoyl]-propion-amido]pentyl]-3[[5-((N- 
hydroxyacetamldo)pentyl]-carbamoyl]propionohydroxamic acid monomethanesulfonate 
(salt), and its structural formula is CasHUgNeOs.CHsSOaH. As described in the Exan^)les, 
deferoxamine, or analogs, derivatives, or salts (e.g., mesylate salts) thereof inhibits 
microbial growth and oxidation in the pharmaceutical composition, and it is believed to 
bind to fiee drug in flie composition. Deferoxamine also has been shown to bind to 
phenolic conq)Ounds (see, e.g., Juven et al., J. Appl Bacteriol, 76(6), 626-31 (1994)). 
Paclitaxel, docetaxel, propdfol, and the like, are eith^ phenolic like or have pbmolic or 
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pheayl substituents. Therefore, it is believed that defetoxamine can bind to or reduce the 
amount office drug in the inventive phannaceiutical compodtion, thereby also reducing or 
. alleviating irritation or pain upon injection. 

[0023] The amount of deferoxamine, or its preferred salt, i.e., a mesylate salt of 
deferoxamine, included in die composition will depend on the active pharmaceutical agent 
and oHiex excipienis. Desirably, the amount of deferoxannne, its salts, and analogs thereof 
ui liie composition is an amount effective to inhibit microbial growth and/or inhibit 
oxidation. As described above, typically the pharmaceutical composition is prepared in 
liqxiid form, and deferoxamine; it salts, and analogs thereof, is then added in solution. 
Preferably, the pharmaceutical composition, in liquid form, comprises fiom about 0.0(X)1% 
to about 0.5% by weigjit (e.g., about 0.005% by weight, about 0.1%, or about 025% by 
weight) of deferoxamine, its salts, or its analogs. More preferably, the composition, m \ 
liquid form, conaprises like amounts of the preferred deferoxamine salt, deferoxamine * 
mesjtoe. Most prrferably, the pharmaceutical composition, in liquid form, comprises 
about 0,1% by wei^t of deferoxamine mesylate. When the composition is prepared in 
solid form, as described above, such as by wet granulation, fluidized-bed drying, and other 
methods known to those skilled in the art, deferoxamine mesylate prefei:ably is applied to 
the active pharmaceutical agent, and other excipients if present, as a solution. The 
deferoxamine mesylate solution preferably is from about 0,0001% to about 0.5% by Vi^igjit 
(e.g., about 0.005% by weight, about 0.1%, or about 0.25% by weight) of deferoxarnifie. 
[0024] In keeping with flie invention, the pharmaceutical composition can include other 
agents , excipients, or stabilizers to improve properties of the composition. For example, to 
increase stabiliQr by inoreasing the negative zeta potential of nanoparticles or nanodroplets,^ 
certain negatively chai^ged components may be added. Such negatively charged 
components kclude, but are not limited to bile salts of bile acids consisting of glycocholic 
acid, cholic acid^ chenodeoxycholic acid, taurocholic acid, glycochenodeoxycholic acid, 
taiurochenodeoxycholic acid, litocholic acid, ursodeoxychoUc acid, dehydrocholic acid and 
others; phospholipids including Lecithin (Egg yolk) based phospholipids which include the 
following phosphatidylcholines : palmitoyloleoylphosphatidylcholine, 
palmitoyilinoleoylphosphatidylcholine , stearoyllinoleoylphosphatidylcholine 
steaioyioleoylphosphatidylcholine, stearoylarachidoylphosphatidjdcholine, and 
dipalmito^pho^hatidylcholine. Other phospholipids including L-a- 
dunyristoylphosphatidylcholine (DMPC), dioleoylphosphatidylcholine pOPQ, 
distearyolphosphatidylcholine (DSPC), hydrogenated soy phosphatidylcholine (HSPQ, 
a-phosphatidylcholine, p-acetyl-y-O-hexadecyl, L-a-phosphatidylcholine, P-acetyl-y-O-. 
hexadecyi, DL-a-phosphatidylcholine, P-acetyl-y-O-hexadecyl, L-d-phosphatidylcholine, 
P-acetyl-Y-O-octadecyl, L-a-phosphatidylcholine, P-arachidonoyl-Y-O-hexadecyl, L-a- 
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phosphatidylcholine, p-acetyl-Y-0-(octadec-9-cis-enyi), b-a-phosphatidylcholine, P- 
arachidonoyl-Y-O-palnutoyl, 3-sri-phosphatidylcholine, 2-aKuihiduioyi-l-stean)yl, L-a- 
phosphatidylcholine, p-arachidonoyl-Y-stearoyl, L-a- phosphatidylcholine, diarachido^, L- 
a-phosphatidylcholine, dibehenoyi, L-a-phosphatidylcholine, P-(cis-8,ll,14- 
eicosatrienoyl>-Y-0-hexadecyl, L-a-phosphatidylcholine, p-oleoyl-Y-myristoyl, L-a- 
phosphatidylcholine, P-(pyren-l-yl)decanoyl-Y-palniitoyi, 3-sn-phosphatidyl-N,N- 
dunethylethanolamine, 1,2-dipalmitoyl, L-a-phosphatidylethanolamine, diheptadecanoyi, 3- 
sn-phosphatidylethanolamine, 1,2-dilauroyl, 3-sn-phosphatidyle&ianolamine, 1,2- 
dimyristD^ S-sa-^hosphatiidylefhanolamine, 1,2-dioleoyl, 3-sn-phosphatidylethanolamine, 
1 ^-dipalmitoyl, L-a-phosphatidylethanoIamine, dipalmitoyl, L-a- 
phosphatidylethanolamine, dipalmitoyl, N-dansyl, L-a-phosphatidylefhanolamine, 
dipahmtoyl,N^-dimethyl, L-a-dimyristoylphosphatidylglycerol (sodium salt) (DMPG),' 
dipalmitoyiphosphatidylglycerol (sodium salt) (DPPG), distearoylphosphatidyiglycefol 
(sodium salt) (DSPG), N-(carbonyl-methoxypolyethylene glycol 2000)-l,2-distearoyi-sn- 
glycero-3-phosphoethanoiamine sodium (MPEG-DSPE), L-a-phosphatidic acid, didecanoyl 
sodium salt, L-a-phosphatidic acid, diheptadecanoyi sodium salt, 3-sn-phosphatidic add, 
l^-dimyiistoyl sodium salt, L-a-phosphatidic acid, dioctanoyl sodium salt, L-a- 
phosphatidic add, dioleoyl sodium salt, L-d-phosphatidic acid, dipalmitoyl sodium salt, L- 
.a-Phosphatidyi-DL-glycerol, dimyristoyi sodium salt, L-a-phosphatidyl-DL-gJycetol, 
dioleoyl sodium salt, L-a-phosphatidyl-DL-glycerol, dipalmitoyl ammonium salt, L-a- 
phosphatidyl-DL-glycerol, distearoyi ammonium salt, L-a-phosphatidyl-DL-glycCTol, P- 
oleoyl-Y-palmitoyl ammonium salt, L-a-phosphatidylinositol ammonium salt, L-G- 
phosphatidylinositol sodium salt, L-a-phosphatidyl-L-serine, dioleoyl sodium salt, L-a- 
phosphatidyl-L-serine, and dipalmitoyl sodium salt Negatively diaiged sur&ctants of 
emulsifiers are also suitable as additives, e.g., sodium cholesteryi sulfate and the like. 
[0025] The phamiaceutical agent (e.g., propofol) may be used alone or dissolved in a 
water-immiscible solvent. A wide range of water-immiscible solvents sudi as soybean, 
safflower, cottonseed, com, sunflower, arachis, castor, or olive oil may be used The 
preferred oil is a vegetable oil, wherein soybean oil is most prefen:ed Soybean oil may be 
used in a range of 1% to 10% by weight of the composition. Preferably soybean oU is 
present in the pharmaceutical composition in an amoimt of about 3% by weight . 
[0026] The mventive pharmaceutical conq)osition can be stabilized with a 
phaimaceutically acceptable surfactant. The term ''sur&ctants," as used herein, refers to 
sur&ce active group(s) of amphiphile molecules. Sur&ctants can be anionic, cationic, 
nonionic, and zwitterionic. Any suitable surfactant can be included in the inventive 
pharmaceutical composition. Suitable surfactants include non-ionic surfactants such as 
phosphatides, polyoxyediylene sorbitan esters, and tocopheryl polyethylene glycol 
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sucdnate. Fteferable sur&ctants are egg lecithin, tween 80, and vitamin E-t d-a-toc6pheryi 
polyethylene glycol-lOOO succinate (IPGS). For soybean oil containing fonnulations, egg 
lechbin is prefeixed and is no more than 1 .2% by weigjht for a formiilation containing 3% 
soybean oil, preferably at 1 , 1 % by weight of the compositiorL For formulations without 
soybean oil, tween 80 or vitamin E-TPGS are the preferred surfactants. Typically, 0.1 to 
L5% by weight of tween 80 or 0.5 to 4% by weight of vitamin E-TPGS is suitable. 
Preferably, h5% by weight of tween 80 or 1% by weight of vitamin E-TPGS is used 
Exanoples of other suitable surfactants are described in, for example, Becher, Emuisiom: 
Theory and Practice, Robert E. Krieger PublisMog, Malabar, Fla. (1965). 
* [0027] There are a wide.variety of suitable foimidations of the inventive pharmaceutical 
coiDposition (see, e.g., U.S. Patent 5,916,596). The following formulations and methods are 
•merely exemplary and are in no way limiting. Formulations suitable for oral administration 
can consist of (a) liquid solutions, such as an effective amoimt of the compound dissolved in 
diluents, such as water, saline, or orange juice, (b) capsules, sachets or tablets, each 
containing a predetermined amount of tiiie active ingredient, as solids or granules, (c) 
suspensions in an appropriate liquid, and (d) smtable emulsions. Tablet forms can include 
one or more <>f lactose, mannitol, com starch, potato starch, xnicrocrystQlline cellulose, 
acacia, geladn, colloidal silicon dioxide, croscarmellose sodium,.talc, magnesiiun stearate, 
stearic acid, and other excipients, colorants, diluents, bufTering agents, moistening agents, . 
preservatives, flavoring agents, and pharmacologically compatible excipients. Lozenge 
forms can comprise the active ingredient in a flavor, usually sucrose and acacia or 
tragacanth, as well as pastilles comprising the active ingredient in an inert base, such as 
. gelatin and glycerin, or sucrose and acacia, emulsions, gels, and the like containing, in 
addition to flie.active ingredient, such excipients as are knovm in the art 
[0028] Formulations suitable for parenteral administration include aqueous and ioon- 
aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, buffers, 
bacteriostats, and solutes that render the formulation isotonic with the blood of the intended 
recipient, and aqueous and non-aqueous sterile suspensions that can include suspending 
agents, solubilizers, thickening agents, stabilizers, and preservatives. The formulations can 
be presented in unit-dose or multi-dose sealed containers, such as ampules and vials, and 
can be stored in a jfreeze-dried (lyophilized) condition requiring only the addition of the 
sterile liquid excipient, for example, water, for injections, immediately prior to use. 
Extemporaneous injection solutions and suspensions can be prepared fix>m st^e powders, 
granules, and tablets of the kind previously described. Injectable! fonnulations are preferred. 
[0029] Formulations suitable for aerosol administration comprise the inventive 
pharmaceutical composition include aqueous and non-aqueous, isotonic sterile solutions, 
\diich can contain anti«oxidants, buffers, bacteriostats, and solutes, as well as aqueous and 
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nonaqueous sterile suspensions that can include suq^ending agents, solubilizets, thickening 
agents, stabilizers, and preservatives, alone or in combination vdth other suitable 
components, \^ch can be made into aerosol formulations to be administered via inhalation. 
These aerosol formulations can be placed into pressurized acceptable propellants, sudi as 
dichlorodifluoromethane, propane, nitrogen, and the like. They also can be formulated as 
pharmaceuticals for non-pressured preparations, such as in a nebulizer or an atomizer. 
[0030] Other suitable formulations are possible, for example, suppositories can be 
prepared by use of a variety of bases such as emulsifying bases or wat^-soluble bases. 
Formulations suitable for vaginal administration can be presented as pessaries, tanq)6ns, 
creams, ^Is, pastes, foams, or spray formulas containing, in addition to the acdve 
ingredient, such carriers as are known in the art to be qipropriate, 
[0031] In a preferred embodiment of the invention, the pharmaceutical compiosition is 
fomiulated to have a pH range of 4.5 to 9.0, and more preferably a pH of 5.0 to 8.0. The 
pharmaceutical comjposition can also be made to be isotonic with blood by the addition of a 
suitable tonicity modifier, such as glycerol. Moreover, the phannaceutically acceptable * 
carrier preferably also comprises pyrogen-fiiBe water or water for iqection, USP. 
Preferably, the inventive pharmaceutical composition is prepared as a sterile aqueous 
fonnuIation,ananopaiidcIe, anoil-in-wateremulsion,orawdter-in-oil^ Most 
preferably, the pharmaceutical composition is an oil-in-watCT emulsioiL 
[0032] For a pharmaceutical composition comprising propofol, in accordance with the 
invention, an oil-in-water emulsion is prepared by dissolving propofol in a water- 
immiscible solvent alone, and preparing an aqueous phase containing albumin, 
deferoxarome, a surfactant, and other water-soluble ingredients, and mixing the oil with the 
aqueous phase. The crude emulsion is high pressure homogenized at pressures of 10,000 to 
25,000 psi and recirculated for 5 to 20 cycles to form an ideal emulsion. The preferred 
pressure is 15,000 to 20,000 psi., and more preferably 10,000 psL Tlie crude emulsion may 
be recirculated from 7 to 15 cycles and is preferably recirculated at 15 cycles. 
Alternatively, discrete passes through a homogenizer may be used. 
[0033] Preferably, the inventive pharmaceutical composition can have a particle or 
droplet size less than about 200 nanometers (nm). For example, in the case of pacUtaxel, 
docetaxel, rapamycin, cyclosporine, propofol and others, the mean size of fliese dispersions 
is less than 200 nnL 

[0034] The invention further provides a method for reducing one or more side effects 
associated with administration of a pharmaceutical composition to a human. The method 
Gdmptises administering to a human a pharmaceutical composition comprising a 
pharmaceutical agent and a pharmaceutical ly acceptable carrier, wherein the 
pharmaceuticaUy acceptable carrier comprises albumin and deferoxamine. Descriptions of 
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the phaimaceutical composition, phannaceutical agent, and phannaceutically acceptable 
earner, and components thereof set forth above in connection with the inventive 
phannaceutical conq)Osition, also are applicable to those same aspects of the inventive 
method. 

[0035] The dose of the inventive phannaceutical composition administered to a human, 
in the context of the inv^tion, will vary with the particular phannaceutical composition, the 
method of administration, and the particular site being treated. The dose should be 
sufficient to effect a desirable response, such as a therapeutic or prophylactic response 
against aparticuilar disease, or, when the pharmaceutical agent is an anaesthesia, such as 
propofol, an anesthetic response, within a desirable time fiame. 
[0036] While any suitable means of admmistering the pharmaceutical compositioia to 
the human can be used within the context of the invention, preferably the inventive * 
pharmaceutical composition is administered to the human via intravenous administration, 
intra-arterial administration, intrapulnionary administration, oral administration, inhalation, 
intravesicular administration, intramuscular administcatibn, intrartracheal administration, 
subcutaneous administration, intraocular administration, intrathecal administration, or 
ttansSeimal administration. For example, the inventive phannaceutical conqx>sition can be 
administered by inhalation to treat conditions of the respiratory tract There are minimal 
side-efifects assodated with the inhalation of the inventive pharmaceutical con:q)ositi6n, as 
flTbnmin is a natural component in the lining and secretions of the respiratory tract. The 
inventive composition can be used to treat respiratory.conditions such as pulmonary 
fibrosis, brpncheolitis obliterans, lung cancer, bronchoalveolar carcinoma, and the like. 
[0037] The inventive method results in the reduction of one or more side effects . 
associated with administration of a phannaceutical composition to a human. Such side 
e£fects include, for exan[q)le, myelosuppression, neurotoxicity, hypersensitivity, 
inflammation, venous irritation, phlebitis, pain, skin irritation, and combinations thereof 
These side effects, however, are merely exemplary, and other side effects, or combination of 
side effects, associated witii various pharmaceutical agents can be reduced or avoided by flie 
•use of the novel compositions and metliods of the present invention. 
[0038] The invention further provides a method for inhibiting microbial growth in a 
pharmaceutical composition. By "inhibiting microbial growth" is meant either a comjplete 
elunination of microbes from the pharmaceutical composition, or a reduction in the amoimt 
or rate of microbial growth in the phaimaceutical compositioiL The method comprises 
preparing a phannaceutical composition comprising a phatmaceutical agent and a 
phaimaceutically acceptable carrier, wherein the pharmaceutically acceptable carder 
comprises deferoxamine, its salts, its analogs, and combinations thereoi^ in an amount 
effective for inhibiting microbial growth in the phannaceutical compositioiL In addition. 
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the inv^on provides a method for inhibiting oxidation of a pharmaceutical composition. 
IMs method comprises preparing a pharmaceutical composition comprising a 
pharmaceutical agent and a pharmaceutically acceptable carrier, herein the 
pharmaceutically acceptable carrier comprises deferoxamine, its salts, its analogs, and 
combinations thereof in an amomit effective for inhibiting oxidation of the pharmaceutical 
composition. Descriptions of the pharmaceutical composition, pharmaceutical agent, and 
pharmaceutically acceptable carrier, and components thereof set forth above in connection 
with die inventive pharmaceutical composition, also are applicable to those same aspects of 
the mventive method. 

[0039] , The amomit ofdefemxamine, or its preferred salt, a mes}date salt of 
deferoxamine, mcluded in the composition will depend on the active pharmaceutical agent 
and other excipients. Desirably, the amount of deferoxamine, its salts, and analogs theieof 
in the composition is an amount effective to inhibit microbial growth and/or inhibit 
oxidation. As described above, tj^^ically, the pharmaceutical composition is prepared in 
liquid form, and deferoxamine, it salts, and analogs thereof, is then added in solution. 
Preferably, the pharmaceutical composition, in liquid form, comprises from about 0.0001% 
to about 0^5% by w^igjht (e.g., attout 0.005% by weight, about 0.1%, or about 0.25% by , 
weight) of deferoxamine, its salts, or its analogs. More preferably, the composition, in 
liquid fonn, comprises like amounts of the preferred deferoxamine salt, deferoxamine 
mesylate. Most preferably, the pharmaceutical composition, in liquid foma, comprises 
about 0.5% by weight of deferoxamine mesylate. When the composition is prepared in 
solid form, as described above, such as by wet granulation, fluidized-bed drying, and other 
methods known to those skilled in the art, deferoxamine mesylate preferably is applied to 
tiie active pharmaceutical agent, and other excipients if present, as a solution. The 
defecoxamme mesylate solution preferably iis from about 0.0001% to about 0.5% by weight 
(e,g., about 0.005% by weight, about 0.1%, or about 0.25% by weight) of deferoxamine. 
[0040] The invention also provides a method for enhancing transport of a 
pharmaceutical agent to the site of an infirmity, which method comprises administering to a 
human a pharmaceutical composition comprising a pharmaceutical agent and a 
phannaceuticaUy acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises albumin, and vrfierein the ratio of albumin to pharmaceutical agent in the 
pharmaceutical composition is about 1 8: 1 or less. The invention further provides a method 
for enhancing binding of a pharmaceutical agent to a cell in vitro or in vivo, nAddx mdhod 
comprises administering to said cell in vitro or in vivo a pharmaceutical composition ^ 
comprising a pharmaceutical agent and a pharmaceutically acceptable carrier, v^erein the 
phannaceuticaUy acceptable carrier comprises albumin, and wherein the ratio of albutuin to 
pharmaceutical agent in the pharmaceutical composition is about 18:1 or less. Descriptions 



wo 2004/052401 



14 



PCT/DS2003/05i941 



of Ifae phannaceutical composition, phannaceutical agent, phaixnace^cally acceptable 
canier» administration routes, and components thereof set forth above in connectioti vnSi 
the inventive idiazmaceutical comx)osition and inventive mediod also aie q>plicable to those 
same aspects of tiie transport and binding methods. 

[0041] . In the methods for enhancing transport of a pharmaceutical agent to the site of an 
infirmity or for enhancing binding of a pharmaceutical agent to a cell, the pharmaceudcally 
acceptable carrier preferably comprises albumin, most prefisrably human serum albumin. 
Not to adheare to any one particular theory, it is believed tiiat the ratio of protein, e.g., human 
serum albumin, to pharmaceutical agent in the pharmaceutical composition affects the • 
ability of the phaxmaceutical agent to bind and transport the phannaceutical agent to a cell. 
In this regard, hi^er ratios of protein to pharmaceutical agent generally are associated with 
poor cell binding and transport of the pharmaceutical agent, which possibly is the result of 
competition for receptors at the cell siirface. The ratio of protein, e.g., albumin, to active 
pharmaceutical agent must be such that a sufficient amount of pharmaceutical agent binds 
to, or is transported by, the cell. Exemplary ranges for protein-drug preparations are protein 
to drug ratios (w/w) of 0.01:1 to about 100:1. More preferably, the ratios are in the range of 
0.02:1 to about 40:1. While the ratio of protein to pharmaceutical agent will have to be 
optimized for different protein and phannaceutical agent combinations, graerally the ratio . 
of protein, e.g., albumin, to pharmaceutical agent is about 18:l-or less (e.g., about 15:1, 
about 10:1, about 5:1, or about 3:1). More preferably, the ratio is about 0.2:1 to about 12:1. 
Most preferably, the ratio is about 1 : 1 to about 9: 1 . Preferably, the formulation is 
essentially fiiee of cremophor, and more preferably free of Cremophor EL® (BASF). 
Cremophor KT® is a non-ionic emulsifying agent that is a polyether of castor oil and 
etfaylme oxide* As described above, cremophor typically is used as a solvent for pablitaxel, 
and is associated with side effects that can be severe (see, e.g., Gddeiblom et aL, siqjra)^ 
[0042] The phannaceutical agent can be any suitable pharmaceutical agent described 
herein (e.g., propofol, paclitaxel, or docetaxel). In addition, the pharmaceutical agent can 
be a nucleic acid sequence, most preferably a DNA sequence. In fliis regard, the inventive 
: pharmaceutical composition can be used to ti ansport genes to a cell by way of a receptor 
mediated/caveolar/vescicular transport. In order to transport DNA sequences, such as genes 
or other genetic material, including but not limited to plasmids or c-DNA, into a cell (e.g. an 
endothelial cell or a tumor cell), pharmaceutical compositions comprising albumin in 
.combination with genetic material can be prepared. Since tumor cells and other cells in 
sites of inflammation have high uptake for proteinsi the genetic material is preferentially 
tdoen up into these cell types and may be incorporated into tiie geaetic material of the cell 
for a usefiil tiierapeutic effect. The use of proteins, such as human serum albumin, serves as 
a non-viral vector for the delivery of genetic material without the risk of virus-associated 
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diseases or side effects. For example, a pliaimaceudcalcoi]q)ositionconq>rising 
acid sequeace encoding p-galactosidase or greoi fluoiescent protein (OFF) and albumin can 
be pr^aied and contacted with endothelial cells derived fiom human umbilical Vein or 
human limg microvessels to facilitate incorporation of the nucleic acid sequence into the 
endo&elial cells. Incorporation of the nucleic acid sequence can be detected using methods 
known in the art, such as, for example, fluorescence or staining. 

[0043] In the inventive method for enhancing transport of a pharmaceutical agent to the 
site of an infirmity, the infirmity can be any suitable disease or conditioxu Preferably, the 
. infirmity is cancer, cardiovascular disease, or arthritis. 

[0044] In the inventive method for enhancing bindiiig of a phannaceuticfdagen^ 
. cell in vitro or in vivo, the pharmaceutical composition is administared to a cell in vitro or in 
vivo. Desirably, the cell is an animal cell. More preferably the cell is a mammalian cdl, 
and most preferably the cell is a human cell. The pharmaceutical composition preferably is 
administered to a cell in vivo. The cell can be any suitable cell tiiat is a desirable target for 
administration of the pharmaceutical composition. For example, the cell can be located in 
or derived &om tissues of tiie digestive system iacludiog, for example, the esophagus, 
stomadi, small intestine, colon, rectum, anus, liver, gall bladder, and pancreas. The cell 
dso can be located in or derived firom tissues of the respuatory systein, includii^ 
emnple, the larynx, lung, and bronchus. The cell can be located in or derived fix)m, for 
example, the uterine cervix, the uterine corpus, the ovary vulva, the vagina, the prostate, the 
testis, and the penis, which make up the male and fraiale genital systems, and the urinary 
bladder, kidney, renal pelvis, and ureter, which comprise the urinary system. The cell can 
be located in or derived firom tissues of the cardiovascular system, including, for example, 
ebdotfaelial cells and cardiac muscle cells. The cell also can be located in or derived from 
tissues of the lymphoid system (e.g., lymph cells), the nervous syst^ (e.g., neiorons or glial 
cells), and the endocrine system (e.g., thyroid cells). Preferably, the cell is located in or 
derived fiom tissues of the cardiovascular system. Most preferably, the cell is an 
endothelial cell. In the context of the inventive method for enhancmg transport and . 
enhancing binding of a pharmaceutical agent to a cell, the pharmaceutical comiK>^tioh 
desirably contacts more than one cell. 

[0045] In another aspect of the invention, the inventive methods for ^ihancing transport 
and enhancing binding of a pharmaceutical agent to a cell can be used to treat tunior chUs. 
I\mior cells exhibit an oihanced uptake of proteins including, for example, albumin and 
transferrin, as compoed to normal cells. Since tumor cells are dividing at a rs^d rate, tiiey 
require additional nutrient sources compared to normal cells. Tumor studies of tbe 
inventive pharmaceutical compositions contmning paclitaxel and human serum albuiidjn 
showed hig^ uptake of albumin-paclitaxel into tumors. This has beai found to be doe to the 
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previously uniecognized phenomenon of the albumin-dfug transport by glycoprotein 60 
C'gpeO*') iecq)tors, which are specific for albumin. 

[0046] Thus, in accordance with another aspect of the present invention, the albumin- 
specific gp60 receptor and other protein transport receptors that are present on tumor cells 
can be used as a target to inhibit tumor growth. By blocking the gp60 receptor using 
antibodies against the gp60 receptor or other large or small molecule compounds that bind, 
block, or inactivate gp60 and other protein transport receptors on tumor cells or tumor 
endothelial cells, it is possible to block the transport of proteins to these cells and thereby 
reduce their growth rate and cause cell death. Blockmg of this mechanism thus results in 
the tceatment of a subject (e.g., a human) vwth cancer or another disease. . Idendficafion of 
blocking/binding of Ae q)ecific protein receptor is done by screening any number of 
con^wunds agamst the isolated gp60 or other receptors, such as gpl6 orgp30, or by using a 
vAiole cell preparation. In addition, suitable animal models also can be used for this 
purpose, such as, for example, mice containing "knock-out" mutations of the genes 
encoding gp60 or caveolin-1 , or other proteins that are specific for transport Thus, method 
of identification of compounds that block or bind gp60, gpl6, gp30, or other protein 
i^eceptois are within die scope of the invention. 

[0047] In addition, compounds that block or bind the gp60 receptor or other protem 
r^^eptors can be used in the treatment of several diseases, including cancer. With respect to 
the treatment of cancer, the blocking or binding compound may be used as a smgle agent or 
in combination with other standard chemotherapy or chemotherapies. For example, it is 
useful to treat the cancer with conventional chemotherapy, or with the inventive albumin- 
drug pharmaceutical compositions (which show liigh accumulation in tumors), followed by 
compounds that block the transport of proteins to the tumor cell. Bloddng compounds can 
be administered prior to, or in conjunction with, other chemothers^utic or anticancer 
agents. Thus, any compounds that can block or bind the gp60 recq[)tor, or other protein 
receptors, are within the scope of the present invention. 

[0048] The inventive albumin-drug compositions, such as e.g., albumm-paclitaxel, 
albiimm-docetaxel, albumin-epotliilone, albiunin-camptothecm, or albumin-rapamycm, and 
others, are usefiil m the treatment of diseases. It is believed that such drug compositions are 
effective due to increased receptor mediated transport of the protem-drug composition to the 
required site, for example a tumor. Without wishing to be bound to any particular theory, 
the transport of a protein-drug composition by receptor mediated transport resulting in a 
1herq)entic eflfect is believed to be the mechanism for transport of for example, albumin- 
paclitaxel compositions to a tumor, as well as albumm-paclitaxel and albumin-rapamycm 
transport across the lung. Transport is effected by the presence of gp60, gpl6, or gp30 m 
such tissues. Accordingly, dnigs and protein-drug compositions whose transport to sites of 
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disease, e.g., inflaxnmadon (e.g., arthritis) or tumors is associated with gp60, gpl6, or gp30 
receptors and that result in a therapeutic effect are contemplated as compositions of the 
jpresent invention. 

[0049] In accordance with another aspect of the present invention, endothelial ceils cian 
be co-cultured with cells liaving a specific function. Incubation of endothelial cells with 
other cell types such as islet cells, hepatocytes, neuroendocrine cells, and others allows for 
required transport of components such as proteins and other beneficial components to these 
cells. The endotiieUal cells provide for transport of these con:qx>nents to the cultured cdl. : 
types in order to ^ulate in vivo conditions, i.e., where these cell types would nornially be 
in close proximity to ^dothelial cells and would depend on die endotiielial cells for 
■ transport of nutrients, growth factors, hormone signals, etc. that are required for tiieir proper 
function. It has previously not been possible to adequately culture these dlffermt cell typies 
and obtain physiological performance when endotiielial cells were absent The presence of 
endothelial cells in culture with desired cell types allows for differentiation and prop^ 
functioning of islets, hepatocytes, or neuroendocrine tissue in vitro or ex vivo. Thus it is 
fotmid that coculture of endothelial cells witli islets results in islets with insproved , 
physiological propertieis e.g., ability to secrete insulin, when compared widi those cultured 
in the absence of endothelial cells. .This tissue can then be used ex vivo or transplanted in 
vivo to treat diseases caused by lack of adequate cellular function (e.g., diabetes in the case 
of islet ceDs, hepatic dysfunction in the case of hepatocytes, and neuroendocrine disorders 
or pain relief in the case of neuroendocrine cells). Cells originating from other tissues and 
organs (as described above) may also be cocultured with endothelial cells to provide the 
same benefit In addition, the coculture may be utilized to incorporate graetic material into 
tiie target cell types. The presence of albumin in these cultures is found to be greatiy 
beneficial. 

[0050] The following examples further illustrate the invention but, of course, should not 
be constmed as in any way limiting its scope. 

EXAMPLE 1 

[0051] This example demonstrates the preparation of pharmaceutical compositions 
comprising pacUtaxel and albumin. Prepar^Jtion of paclitaxel-albumin compositions is 
described m U.S. Patents 5,439,686 and 5,91 6,596, which are incorporated in thefr entirety 
by reference. Specifically, 30 rag of paclitaxel was dissolved in 3.0'ml metiiylene chloride. 
Tlie solution was added to 27.0 ml of human serum albumin solution (2% wAO- Deferoxamine 
was added as necessary. The mixture was homogenized for 5 mmutes at low RPM (Vitris . 
homogenize, model Tempest LQ.) in order to fomn a crude emuldon, and then transferred into 
a hig^ pressure homogehizer (Avestin). The emulsification was performed at 900040,000 psi 
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vvfaUeiecycIing the pulsion for at 1^ The resulting system \vastra^^ 

rotaiy evi^iator, and methylene chloride was rapidly r^oved at 40°Q at reduced pressure 
(30 nun Hg) for 20-30 minutes. The resulting dispersion v^tiiEuislucent and the ^cal 
average diameter of the resulting paclitaxel particles was in the range 50-220 mn (Z-average, 
Malvern Zetasizer). The dispersion was further lyophilized for 48 his. The resulting cake 
could be easily reconstituted to the original dispersion by addition of sterile water or salineV 
The particle size after reconstitution was the same as before lyophilization. 
[0052] It should be recognized that the amounts, types and proportions of drug, - 
solvmts, proteins used in this example are not limiting in any way. V/bsa compared to 
toxidty of paclitaxel dissolved in cremophor formulations, the inventive phamiiaceutical 
composition containing albumm showed substantially lower toxicity. 

EXAMPLE2 

[0053] This example demonstrates the preparation of a pharmaceutical composition 
comprising amiodarone and albumin. 30 mg of amiodarone was disisolved in 3.0 ml 
mediyl^e diloride. The solution was added to 27.0 ml of human serum albumin soMon (1% 
wAr). D^roxamine was added as necessary. The mixture was honKig^nized for Sniinutes at 
low RPM (Vitris homogenizer, model Tempest I.Q.) in order to form a crude emulsion, and 
Ifaentransfeiedinte a hi^ pressure .homogenizer(Avestin). The miiilsification was 
performed at 9000-40,000 psi while recycling the emulsion for at least 5 cycles. The resulting 
system was transferred into a rotary evaporator, and meth}iene chloride was rapidly removed 
at 40°C, at reduced preissure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent, ami the typical average diameter of the resulting amiodarone particles was in the 
range 50-220 nm (Z-avemge, Malvem Zetasizer). The dispersion was fiirtber lypphiUzBd for 
48 lirs. The resulting cake ^ras easily reconstituted to the ori^nal dispersion by addition of 
sterile water or saline. The particle size after reconstitution was the same as before 
lyophilizadon. 

[0054] It should be recognized that tlie amoimts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in anyway. When compared to ' 
toxicity of amiodarone dissolved in tween formulations, the inventive pharmaceutical 
composition with albumin showed substantially lower toxicity. 

EXAMPLE 3 

[0055] This example demoristratestiie preparation of pharmaceutical conq)ositions 
conq3iising liothyrdnine and albumin compositions. liotfayronine (or suitable salt) was 
dissolved in an aqueous alcoholic solution or alkaline solution at a concentration of 0.5 - 50 
mg/mL The alcoholic (or alkaline) solution was added to an albumin solution (0.1 - 25% 
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w/v) axid agitated. Agitation was low shear with a stirrer or high shear using a sonicator or a 
homogenizer. At low concentrations of liothyronine, (5 - 1000 fig/ml) clear solutions were 
obtained As the concentration was increased, a milky stable suspension was obtained 
These solutions or suspensions were filtered through a sterilizing filter. Organic solvents 
were r^oved by ev^^ratioh or other suitable method. 

EXAMPLE4 

[0056] This example demonstrates the preparation of pharmaceutical compositions 
comprising rapamycin and albumin. 30 mg of rapamycin was dissolved in 2 ml 
chloroform/ethanol. The solution was then added into 27.0 ml of a human serum albumin 
solution (3% w/v). The naixture was homogenized for 5 minutes at low RPM (Vitris 
homog^iizer model Teloipest LQ.) in order to form a crude emulsion, aind then transferred 
into a high pressure homogenizer (Avestin). Ihe emulsification was performed at 9000- 
40,000 psi while recycling the emulsion for at least 5 cycles. The resultmg system was 
tiansfened into a Rotavap and solvent was rapidly removed at 40^C, at reduced pressure (30 
ihtn Hg) for 20-30 minutes. The resulting dispersion was translucent and the typical 
average diameter of the resulting particles was in the range 50-220 nm (Z-average, Malvern 
Zetasizer). Ihe dispersion was further lyophilized for 48 hours. Hie resulting cake was 
easily reconstituted to the original dispersion by addition of sterile water or saline. The 
particle size after reconstitution was the same as before jyophilization. It should be . 
recognized that the amounts, types and proportions of drug, solvents, proteins used in this 
exanq)le are not limiting in anyway . 

EXAMPLES 

[0057] this example demonstrates the preparation of a pharmaceutical composition 
comprising epothilone B and albumin. 3 0 rag of epothilone B was dissolved in 2 ml 
chloroform/ethanol. The solution was then added into 27.0 ml of a human serum albumin 
solution (3% w/v). Deferoxamine was added as necessary. The mixture was hombg^iized 
for 5 minutes at low RPM (Vitris homogenizer model Tempest LQ.) in order to form a 
crude emulsion, and fhca transferredlnto a high pressure hon[iogenizer (Avestin). The 
emulsification was performed at 9000-40,000 psi yAnk recycling the emulsion for at least 5 
cycles. The resulting system was transferred into a Rotavip and solv^ was rapidly 
removed at 40"C, at reduced pressure (3 0 mm Hg) for 20-30 minutes. The resulting ' 
dispersion was translucent and the typical average diameter of the resulting particles was in 
the range 50-220 nm (Z-average, Malvern Zetasizer). The dispersion was further 
lyophilized for 48 hours. The resultmg cake was easily reconstituted to the original 
dispersion by addition of sterile water or saline. The particle size after reconstitution was 



wo 2004/052401 



PCT/US2003/038941 



• 20 . . 

thesameasbefiiielyophilization. It should be recognized that the amounts, types and 
proportions of drug, solvents, proteins used in this example are not limiting. When 
compared to toxicity of epolhilone B dissolved in cremophor formulations, the 
pharmaceutical cot^)Osition comprising albumin showed substantially lower toxicity. 

EXAMPLE6 

[0058] This example demonstrates the preparation of pharmaceutical compositions 
comprising colchicine dimer and albumin. 30 mg of colchicine-dimer was dissolved in 2 ml 
chloioform/edianoL The solution was then added into 27.0 ml of human serum albumin 
solution (3% w/v). Deferoxamine was added as necessary. He mixture was homogenized 
for 5 minutes at low RPM (Vitris homogenizer model tempest I.Q.) in order to form a 
crude emulsion, and then transferred into a high pressure homogenizer (Avestin). The 
emulsification was performed at 9000-40,000 psi while recycling the emulsion for at least 5 
cycles. The resulting system was transferred into a Rotav^ and solvent was rapidly 
removed at 40*^0, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting 
dispersion was tranislucent and the typical average diameter of the resulting particles was in 
the range 50*220 nm (2i-average, Malvern Zetasizer). The dispezsion was fyxfbex 
lyophilized for 48 hours. The resulting cake was easily reconstituted to the original 
dispersion by addition of sterile water or saline. The particle size after reoonstitution was 
. tiie same as before lyophilization. It should be recognized that the amounts, types and 
proportions of drug, solvents, proteins used in this example are not limiting. When 
compared to toxicity of the colchicines dimer dissolved in tween, the pharmaceutical 
composition comprising albumin showed substantially lower toxicity. 

EXAMPLE? 

[0059] Tliis example <femonstrates the preparation of pharmaceutical conqpositions 
conqnisingdocetaxel and albumin. 30 mgofdocetaxel was dissolved in 2 ml 
ddoroform/eflianoL The solution was then added into 27.0 ml of hmnan serum albtraiin 
solution (3% w/v). Deferoxamine was added as necessary. Tlie mixture was homogenized for 
5 minutes at low RPM (Vitris homogenizer model Tempest LQ.) in order to form a CTude 
emulsion, and then transfared into a high pressure homogenizer (Avestin). The emulsification 
was performed at 9000-40,000 psi while recycling the emulsion for at least 5 cycles. The 
resulting system was transfened into a Rotavap and solvent was rapidly imioved at 40®C, at 
reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was translucent arid 
the typical average diamet^ of the resulting particles was intiie range 50-220 nm (Z^iverage, 
Malvern Zdasizer). The dispersion was fuilher lyophilized for 48 hours. The resulting <^ 
was easily leconstituied to flie original dispersion by addition of sterile wat^ or saline. The 
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particle size after reconstitution was It should be lecognizBd 

that the amouhts, types and proportions of drug, solvents, and proteins used in this example are 
not limiting. When compared to toxicity of the docetaxel dissolved in tween/etfaanol which is 
the standard solvent for this drug, the pharmaceutical con^)osition comprising albumin showed 
substantially lower toxicity. 

EXAMPLES 

[0060] This example demonstrates flie preparation of pharmaceutical compositions 
comprismg doc^el and albumin. 150 mg of docetaxel was dissolved in 1 ml dhyi 
acetatertnityi acetate and 0.5 ml of an oil for example soybean oil or vilaminE oiL Oflier ratios 
* of solvents and oils were used and these compositions are also contemplated as part of the 
inventioa A small quantity of a negatively charged component was also optionally added, 
e.g., benzoic acid (0.001%-0.5%) The solution was then added into 27.0 ml of human serum 
albumin solution (5% w/v). Deferoxamine was added as necessary. Tbe mfarture was 
homogenized for 5 mmutes at low RPM (Vitris homogenizer model Tempest LQ.) m ordsc to 
form a crude emulsion, and flien transferred into a high pressure homogCT^ The 
emulsification was petfotmed at 9000-40,000 psi while recycling the emulsion &r at least 5 . 
cycles. The resulting sj^m was transfenred into a Rotavap and solvoit was rapidly removed 
at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent and Ihe typical average diameter of the resulting particles was in tiie range 50-220 
nm(Z-average,MalvemZetasizer). The dspersion was further lyophilized for 48 hou^^^ The 
resulting cake was easily reconstituted to the original dispersion by addition of sterile water or 
saline- The particle size after reconstitution was tiie same as before lyophilization. It should be 
recognized Ifaat .flie amounts, types and proportions of drug, solvents, lootdns used in fliis 
example are not limiting. When compared to toxicity of die docetaxel dissolved in 
tv^reoi/ethanbl v*ich is the standard solvent for tiiis dmg, the pharmaceutical composition 
conq>rismg albumin diowed substantially tower toxicity. 

EXA1^LE9 

[00611 This example demonstrates the preparation of pharmaceutical compositions 
comprising a taxane IDN5390 and albumin- 1 50 mg of IDN5390 was dissolved in 1 ml efliyl 
acetate/butjd acdate and 0.5 ml of an oil for example soybean oil or vitamin E oil Other ratios 
of solvents and oils were used and these compositions are also contemplated as part of the 
inventioa A small quantity of a negatively charged component was also optionally added, 
e.g., boozoic add (0.001%-0.5%), The solution was tii«i added into 27.0 ml of human seram 
albumin sotation (5% w/v). Deferoxamine was added as necessary. The mixture was 
homogenized for 5 minutes at low RPM (Vitris homogenizer model Tenq)est LQ.) in orda: to 
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fQnnaai]de^iiIsioii,aMthentraz^ The 
emulafication was performed at 9000-40,000 psi whfle recycling the emulsion for at least 5 
cycles. The resulting system was transferred into a Rotavap and solvent vra^ 
at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent and the typical average diameter of the resulting particles was m the range 50-220 
nm (Z-average, Malvem Zetasizer). The dispersion was further iyophilized for 48 hours. The 
resulting cake was easily reconstituted to the original dispersion by addition of sterile water or 
saline* The paitide size after reconstitution was Ifae same as before 1^^ Itshouldbe 
recognized Ifaatlbe amounts, types and proportions of dr^g, solvents, protdns used in this 
example are not limiting. When cong}ared to toxicity of the IDNS390 dissolved in tween, the 
pharmaceutical composition comprising albumin showed substantially lowi^ toxidly. 

, . EXAA4PLE10 
' [0062] This example demonstrates the preparation of pharmaceutical compositions 
comprising a taxane IDN5109 and albumin. 150 mg of IDN5109 was dissolved in 2 ml 
chlorofonn/etfaanoL Other ratios of solvents and oils were used and tiiese compositions are also 
conleanplated as part of the invention. A small quantity of a negatively chazged canq)0i»ent was 
also optionally added, e.g., benzoic acid (0.00 1%-0.S%) The solution was then added into 
27.0 ml of human serum albumin solution (5% w/v). Deferoxamine was added as neceissary. 
The mixture is homogenized for 5 minutes at low RPM (Vitris homogenizer model Tempest 
LQ.) in ord^ to form a crade emulsion, and then transferred into a higji pressure homogenizer 
(Avestin). The emulsification was performed at 9000-40,000 psi vfbHc recycling the emulsion 
for at least 5 cycles, lie resultmg system was transferred into a Rotavap and solvent was 
rapidly removed at 40''Q at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting 
disper^on was translucent and the typical average diameter of the resulting particles was in the 
range 50-220 mn(2i-average, Malvem Zetasizer). The dispersion was fiirtfaer Iyophilized for 
48 hours. The resulting cake was easily reconstituted to the original diqi^on by addition of 
sterile water or saline. The particle size after reconstitution was the same as before 
lyophilizatioiL It should be recognized tliat the amounts, types and proportions of dmg, 
solvents, and proteins used in this example are not limiting. When compared to toxidty of the 
n)NS109 dissolved in tween, the pharmaceutical composition comprising albumin showed 
substantially low^ toxicity. 

EXAMPLE 11 

[0063] This example demonstrates tlie preparation of a pharmaceutical compoisition 
comprising 10-hydroxy camptothecin (1 OHC) and albumin. 30 mg of 10-HC was dissolved 
in 2.0 ml DMFAnetfayiene chloride/soybean oil. The solution was then added into 27.0 ml 
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of a human serum albumia solution (3% w/v). The mixture was homogenized for 5 miriiites 
at low RPM (Vitris homogenizer model Tempest LQ.) in order to form a crude emulsion, 
and tiien transferred into a high pressure homogenizer (Avestin). The emulsification was, 
performed at 9000-40,000 psi vMe recycling the emulsion for at least 5 cycles. The 
resulting system was transferred into a Rotavap and solvent was rapidly removed at 40'*C, at 
reduced pressure (30 mm Hg) for 20-30 nunutes. The resulting dispersion was translucent 
and the typical average diameter of the resulting particles was in the range 50-220 nm (Z- 
average, Malvern Zetasizer). The dispersion was ftulherlyophilized for 48 to The 
resultii^ cake was easily reconstituted to the origmal dispersion by addition of sterile water 
or saline. The particle isize after reconstitution was the same as before lyophilization- It 
diould be recognized that flie amounts, types and proportions of drug, solvents, proteins 
used in this exxma5)le are not liiniting in anyway. 

EXAMPLE 12 * 

[0064] This example demonstrates the preparation of aphiamiaceutiGal composition 
conq)risuig cyclosporine and albumin. 30 mg of cyclc^rine was dissolved m 3-0 ml 
meflqdene chloride. The solution was then added into 27.0 ml of a Iwmansaiimdbum^ 
solution (1% wAr). the mixture was homogenized for 5 minutes at low RPM (Vitris 
homog^oizar model tempest LQ.) in oider to form a cnide CTiulsion, and ±m transferred into 
ahi^ pressure homogenizer (Avestin). The emulsification vms perfonned at 9000-40,000 psi 
vMq recycling tiie emulsion for at least 5 cycles. The resulting system was transferred into a 
Rotav^ and metiiylene chloride was rapidly removed at 40*^0, at reduced pressure (30 mm 
Hg) for 20-30 minutes. The resulting dispersion was translucent and fte typical average 
diametfir of flie resulting particles was in the range 50-220 nm ^average, Malv^ Zetaazer). 
The dispasipn was flirther lyophilized for 48 hours. The resulting cake was easily 
reconstituted to the origmal dispersion by addition of sterile water or salme. The partide size 
after reconstitution was the same as before lyophilizatioa 

EXAJVIPLE 13 

[0065] This example demonstrates the preparation of a pharmaceutical composition 
containing oil and comprising cyclosporiQe and albumm. 30 mg of cyclosporine was 
dissolved m 3,0 ml of a suitable oil (sesame oil contaimng 10% orange oil)- The solution 
vmthenaddedinto27.0mlofahumansenimalbummsoM^ Themixtsire 
was homogenized for 5 mmutes at low RPM (Vitris homogenizer, model Tempest LQ-) m 
order to form a crude emulsion, and tiien transferred into a hi^ pressure homogenizer 
(Avestin). The emulsification as performed at 9000-40,000 psi while recycling the 
emulsion for at least 5 cycles. The resulting dispersion had a typical average diameter m 
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range of 50-220 nm (Z-average, Malvern Zetasizer), Hie disi)ersion wias used directly or 
lyophiUzed for 48 hours by optionally adding a suitable eryoprotectant The resulting cake 
was easily reconstituted to flie origmal dispersion by addition of sterile water or saline. It 
should be recognized^that the amounts, types and proportions of drug, solvents, and proteins 
used in this exanople are not limiting in anyway. 

EXAMPLE 14 

[0066] This example demonstrates the preparation of a phaimaceutical composition 
comprising amphotericin and albumin. 30 mg of amphotOTcm was dissolved in 3.0 ml meftiyl 
pynoUdinonefeiefli^e chloride. The solution was added to 27.0 ml of a hmnansienim 
albumin solution (1% w/v). The mixture was homogenized for 5 numites at lowRPM (Vitiis 
homogemzer, model Toi^est IQ.) in order to form a crude emulsion, and ttien transferred into 
a hi^ pressure homogenizer (Avestin). Tlie emulsification was performed at 9000-40,000 psi 
yMe recycling the emulaon for at least 5 cycles. The resulting system was transfened into a 
rotary evaporator, and solvent was rapidly removed at 40°C, at reduced pressure (30 mm H&) 
. for 20-30 minutes. Hie resulting dispersion was translucent, and flie typical average diameter 
of the resulting ami^btericin particles was between 50-220 nni ^average, Malvrai 
.Zetaazer). Ihedispeiaon was further iyophilized for 48 his. The lesulting cake could be 
easily reconstituted to the original dispersion by addition of sterile water or saline. The particle 
size afta: leconstitufion was the same as before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, and protems used in this example are not 
limiting in anyway. Addition of other components such as lipids, bile salts, etc., also resulted 
in suitable formulations. 

. EXAMPLE 15 

[0067] This example demonstrates preclinical pharmacokinetics and phaimacodynamlcs 
of a pharmaceutical composition coihprising albumin and paclitaxel. 
[0068] . Several preclinical pharmacokinetic studies in mice and rats were conducted to 
evaluate flie possible advantages of albumin-paclitaxel pharmaceutical compositions over 
cremophor-paclitaxel (Taxol) pharmaceutical compositions. These studies demonstrated: 
(1) that flie pharmacokmetics of albumin-paclitaxel m rats was linear, viiereas Taxol 
pharmacokinetics were non-linear witli respect to dose, (2) pharmaceutical compositions 
comprising albumin and paclitaxel exhibited a lower plasma AUG and Cmax, suggesting 
more rapid distribution of albumin-paclitaxel compositionis to tissues compaied with Taixbl 
(exd^on is similar), (3) phaimaceutical compositions comprisuig albumin and paclitaxel 
exhibited a lower Cmax , which possibly accounts for the reduced toxicities associated wilii 
peak blood levels relative to Taxol, (4) the half-Ufe of pharmaceutical compositions 
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comprising albumin mi paclitaxel exhibited was approximately 2-fold higher in rats and 4- 
fold hi^ in tranor bearing mice relative to Taxol, and (5) the metabolism of paclitaxel in 
pharmaceutical coiiqwsitions comprising albumin and paclitaxel was slower than m Taxol 
pharmaceutical compositions. At 24 hours post-injection in rats, 44% of total radioactivity 
was still associated with paclitaxel for pharmaceutical compositions comprising albumin 
and paclitaxel, c6n^)ared to only 22% for TskoI The ultimate effect of the above , 
pharmacodynamics, Le., enhanced intra-<;ellular uptake, prolonged half-life and slower 
metabolism for phamiaceutical compositions comprising albuniin and paclitaxel exhibited 
resulted in a tumor AUG IJ-fold higher, tumor C„«« 1.2-fold higher, and tumor half-life 
L7-fold longer than for Taxol in tumor bearing mice. 

• • ' EXAMPLE 16 

[0069] This example demonstrates reduced side effects and reduced toxicity associated 
with pharmaceutical compositions comprising paclitaxel and albumin. 
[0070] Due to the unique nature of pharmaceutical conipositions comprismg paclitaxel 
,and albumm in the absence of creniophor, the toxicity of pharmaceutical conqK)sitions 
comprising paditaxel and albumin is substantially lower than Taxol. hi preclinical studies 
m mice and rats, a single dose acute toxicity study in mice showed an LD50 dose 
iqjproximately 59 tunes greater for pharmaceutical compositions comprismg paclitaxel and 
albumin than for Taxol. In a multiple dose toxicity study m mice, the LD50 dose was 
approximately 10-fold greater for pharmaceutical compositions comprismg paclitaxel and 
albumin than for Taxol. A fiirther study evaluated tlie degree of myelosuppression m rats 
treated with pharmaceutical compositions comprising paclitaxel and albumin and Taxol. 
Tlie results showed that at equi-dose, pharmaceutical compositions comprismg paclitaxel 
and albumm produced considerably less myelosuppression in rats than TaxoL In an acute 
toxicity study in rats, cerebral cortical necrosis or severe neurotoxicity was observed in 
mimals receiving Taxol at 9 mg/kg but was absent in animals receivmg a pharmaceutical 
composition comprising paclitaxel and albumJa at a dose of up to 120 mg/kg. Hius the 
presence of albumm m a ph^aceutical composition comprising paclitaxel results m a 
substantial reduction m side effects mid toxicity when compared to conventional 
pharmaceutical compositions comprising paclitaxel. 

EXAK4PLE 17 

[0071] This example demonstrates the clinical effects of a phaiinaceufical composition 
compridng paclitaxel and albumin in humans. 

[0072] Clinical studies m over 500 human patients to date provide evidence supporting 
the reduction in toxicity and side-effects for a pharmaceutical composition conq)rismg 
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paclitaxel and albumin C'albumin-paclitaxer) when compared with cremophor-paclitaxel 
compositions (Taxol). In a phase I study of 1 9 patients, the maxunum tolerated dose of 
albumin-paclitaxel given every 3 weeks was 300 mg/ml This is substantially higher than 
the generally administered dose of cremophor-paclitaxel which is 175 mg/m given once 
every 3 weeks. The hematological toxicities in these patients were mild with no 
hypersensitivities, mild neuropafliies, and no administration related side effects such as 
venous irritation, etc. 

[0073] In another phase I study of 27 patients, the maximum tol^ted dose of albumin- 
paclitaxel given on a weekly schedule was 125-1 50 mg/m^ This is substantially higher than 
the generally administered dose of cremophor-paclitaxel vMch is 80 mgAn^ vfbeia given on 
a weeUy schedule. The hematological toxicities in these patiefl.ts were mild with no 
hypersensitivities, mild neuropathies, and no admmistration related side effects sudi as 
venous irritation, etc. 

[0074] In two phase n studies of albumin-paclitaxel given at either 1 75 or 300 mg/m 
every 3 weeks in 43 and 63 patients respectively, hematological toxicities were low wifli 
only 7% and 24% of patients witii ANC <500/mm3 at 175 mg/m^ and 300 mgfir? 
respectively. Sev^ neuropathy occurred in 0% and 14% of patients for 175 mg/m^ and 
300 mg/m^ respectively. There was no incidence of severe hypersensitivitjr, and no 
incidence of administration related side effects such as venous-irritation, pain on uyection, 
etc. These side effects were substantially lower than experienced with Taxol. 
[0075] In phase HI trials comparing the albumin-paclitaxel composition ABI-007 
against Taxol (vMch contains cremophor-paclitaxel), the dose of ABI-007 was substantially 
higher (260 mg/m^ vs. 175 mg/ra for Taxol) indicating it was better tolefated. The 
albumin-paclitaxel compositions also demonstrated significantiy reduced neutropenia v/bsn 
compared to crraiophor-paclitaxeL 

EXAMPLE 18 

(00761 This example demonstrates enhanced precUnical efficacy using a pharmaceutical 
composition comprising albumin and paclitaxel. 

[0077] -An in vitro, cytotoxicity study comparing the effect of albumin-pacUtaxel and 
Taxol on cervical squamous cell carcinoma A43 1 showed an approximately 4-fold increase 
m cytotoxic activity for albumin-paclitaxel with an IC50 of 0.0038 and 0.012 (Xg/ml for 
albumin-paclitaxel and Taxol respectively. 

[0078] In five different human xenograft tumor models in athymic mice (MX-1 
mammary, NCI-H522 lung, SK-OV-3 ovarian, PC-3 prostate, and HT-29 colon), tiie MTD 
or equitoxic dose of ABI-007 was 1 .5-3.4-fold higher flian for Taxol, and resulted in 
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statistically significant imptovement in tumor growth delay (p<0.05) in all tumois except 
flie lung tumor (p==0.1S). 

[0079] In the MX 1 mammary model, one hundred percent (1 00%) of albumin- 
paclitaxel treated animals survived 103 days, as con:5)ared to 20-40% surviving in groups 
treated with equivalent doses of Taxbl. 

E3CAMPLE 19 . 

[0080] This example demonstiates enhanced clinical efficacy using a pharmaceutical 
composition comprising albumin and paclitaxel administered intra-arterially . 
[0081] InaPhsisel/ItStudyof intra-arterialadministrationofaphannacetd^ 
composition comprising albumin and paclitaxel, as described herein, patients were enrolled 
for head & neck cancer (N=3 1) and cancer of the anal canal (N==12). Hie dose escalated 
from 120-300 mg/m^ given over 30 minutes by percutaneous superselective intra-arterial 
infusion, q 3AvAl Head and neck cancer patients exhibited a response rate of 76% (N=29), 
while patients with cancer of the anal canal exhibited a response rale 64% (N=l 1). 

EXAMPLE20 

[0082] ' Thifi fivfliiiple demnn5rfrates the preparation of a pharmaceutical compoisition 
containing 3% oil and comprising propofol and albumin. 

[0083] An oil-in-water emulsion containmg 1% (by weight) of propofol was prepared as 
follows. The aqueous phaise was prepared by adding glycerol (2.25% by weigjit) and 
human serum albumin (0.5% by weight) into water for injection and stirred until dissolved. 
The aqueous phase was pasised through a JBlter (0.2um filter). The oil phase was prepared 
by dissolving egg lecifliin (0.4% by weight) and propofol (1% by weigJit) into soybean oil 
(3% by wei^) at about 50**C - 60°C and was stirred uiitil dissolved The oil phase was 
added to the aqueous phase and homogenized at 10,OOORPM for 5 min. The crude pulsion 
was higji pressure homogenized at 20,000 psi and recirculated for 15 cycles at 5X. 
Alternately, discrete passes through the homogenizer were used. The final emulsion was 
filtered (02 pm filter) and stored under nitrogen. The resultmg pharmaceutical composition 
contained the following general ranges of components (weight %): propofol 0.5-5%; 
human serum albumm 0.5-3%; soybean oil 0.5-3.0%; egg lecithin 0.12-12%; glycerol 
2.25%; water for injection q.s. to 100; pH 5-8. Suitable chelators, e.g., deferoxamine 
(0.001-0.1%), were optionally added. 

EXAMPLE 21 

|6084] This example demonstrates the preparation of a pharmaceutical composition 
containing S% oil and comprising propofol and albumin. 
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[0085] An oil-in-water emulsion containing 1 % (by weight) of propofol was prepared as 
follows. The aqueous phase was prepared by adding glycerol (225% by wei^t) and 
human serum albumin (0.5% by weight) into water for injection and was stirred until 
dissolved. The aqueous phase was passed through a filter (0.2um filter). The oil phase as 
prepared by dissolving egg lecithin (0.8% by weight) and propofol (1% by weight) into 
soybean oil (5% by weight) at about 50°C - 60°C and was stirred until dissolved, llie oil 
. phase was added to the aqueous phase and homogenized at 10,OOORPM for 5 min. The 
crude emulsion was high pressure homogenized at 20,000 psi and recirculated for 15 cycles 
at 5°C. Alternately, discrete passes tiirougla the homogenizer were used. The final CTiulsion 
was filteied (Q2imx filter) and stored under nitrogen. The resulting pharmaceuticial 
composition contained the following general ranges of components (weigjit %): propofol 
0.5-5%; human serum albumin 0.5-3%; soybean oil 0.5-10.0%; egg lecithin 0.12-1.2%; 
glycerol 2.25%; water for injection q.s. to 100; pH 5-8. Suitable chelators, e.g., : 
deferoxamine (0.001-0.1%), were optionally added 

' EXAMPLE22 . • /■ 

[0086] • This example demonstrates the preparation of a pharmaceutical composition ^ 
comprising propofol and albumin that is &ee of oil. 

[0087] Using flie procedure similar to that described in Example 18, propofol 
compositions containmg albumin and tween 80 were prepared. The aqueous phaise was . 
prepared by adding glycerol (2.25% by weight), human serum albumin (0.5% by weight), 
tween 80 (1 .5% by weight) and deferoxamine mesylate (0. 1% by weight) into water for 
injection and stirred until dissolved. The aqueous phase was passed through a filta: (02pm 
filter). Propofol (1% by weight) was added to the aqueous phase and homogemzed at 
10,000 RPM for 5 min. The crude ehiulsion was high pressure homogenized at 20,000 psi 
and leciiculated for 15 cycles at 5°C. Alternately, discrete passes through the homogenizer 
were used. The final emulsion was filtered (0.2um filter) and stored under nitrogoL The 
resulting pharmaceutical composition contained the following general ranges of components 
(weight %): propofol 0.5-5; human senim albumin 0.5-3%; tween 80 0.1-1.5%; 
deferoxamme mesylate 0.0001-0.1%; glycerol 2.25?/o; water for injection q.s. to 100; pH 5- . 
8. 

EXAMPLE 23 

[0088] This example demonstrates the preparation of a pharmaceutical composition 
- compri^ng propofol, albumin, and vitamin E-TPGS, which is firee of oil. 
[0089] Using tiie procedure similar to that described in Example 19, propofol 
compositicms cotitainmg albumin and vitamin E-TPGS were prq)ared- The aqueous phase 
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was prepaied by adding glycerol (2.25% by weight), human senun albumin (0.5% by 
weight), vitamin E-TPGS (1% by weight) and deferoxamine mesylate (0.1% by weight) into 
water for injection and was stirred until dissolved. The aqueous phase was passed through a 
filter (02um fiUiter). Propofol (1% by weight) was added to the aqueous phase and 
homogenized at 10,000 RPM for 5 min. The crude emulsion was high pressure 
homogenized at 20,000 psi and recirculated for 15 cycles at 5°C, Alternately, discrete 
passes thtou^ the homogenizer were used. The final emulsion was fiOitCTed (0.2nm filter) 
and stored under nitrogen. The resulting pharmaceutical composition contained tiie 
following general ranges of components (weight %): propofol 0.5-5; human serum albumm 
0.5-3%; vitainin E-TPGS 0.5-4.0%; optionally deferoxamme mesylate 0.0001-0,1%; . 
^ycerol 2.25%; water for injection q.s. to 100; pH 5-8. 

EX.^VMPLE24 

[0090] This example demonstrates the preparation of a pharmaceutical composition 
' comprising propofol, albumin, vitamin E-TPGS, and 1% oil. 
[0091] An emulsion containing 1% (by weight) of propofol was i»qpared by the 
following metbod. The aqueous phase was prepared by adding glycerol (2.25% by weight) 
and human serum albumin (0.5% by weight) into water for injection and stirred until 
dissolved. The aqueous phase was passed through a fdter (0.2^m filter). Surfactant, e.g.. 
Vitamin E-TPGS (0.5%), was added to aqueous phase. TTie oil phase consisted of propofol 
(1% by wei^t) and 1% soybean oil. The oil phase was added to the aqueous phase and 
homogenized at 10,000 RPM for 5 min. The crude emulsion was hi^ pressure 
homogenized at 20,000 psi and recirculated for up to 1 5 cycles at 5*^0. Alternatively, 
discrete passes fluough the homogenizer were used. The final emulsion was filtered (02(mi 
filter) and stored under nitrogen. 

[0092] The resulting pharmaceutical composition contained the following general . 
ranges of components (weight %): propofol 0.5-5%; human serum albumm 0.01-3%; 
Vitamin E- TPGS 0.1-2%; soybean or other oil (0. l%-5%); glycerol 2.25%; water for . . 
mjection q.s. to 100; pH 5-8. Deferoxamine was optionally added (0.001%-0.1% by 
wei^t). 

EXAMPLE 25 

[0093] Ibis example demonstrates the preparation of a pharmaceutical composition 
comprising propofol, albumin, vitamin E-TPGS, 1% oil, and a negatively charged 
component 

[0094] An emulsion containing 1% (by weight) of propofol was prepared by the 
following metbod. The aqueous phase was prepared by adding glyc«ol (2.25% by wei^t) 
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and human serum albumin (0.5% by weight) into water for injection and was stirred until 
dissolved. The aqueous phase was passed through a filter (0.2|im filter). Surfactant, e.g.. 
Vitamin E-TPGS (0.5%), was added to aqueous phase. The oil phase consisted of propofol 
(1% by weight) and 1% soybean oil. A small quantity of negatively charged component 
(0.001%-!%), e.g., a phospholipid or bile salt was added. The oil phase was added to the ' 
aqueous phase and homogenized at 1 0,000 RPM for 5 min. The crude emulsion was high 
pressure homogenized at 20,000 psi and recirculated for up to 15 cycles at 5 ^C. 
Alternatively, discrete passes through the homogenizer were used. The final emulsion was 
filtered (OJZ[UJi filter) and. stored under nitrogen. 

[90951 The resulting pharmaceutical composition contained the following general 
ranges of components (weight %): propofol 0.5-5%; human serum albumin 0.01-3%; • 
^^tamin E- TPGS 0.1-2%; soybean or other oil (0. l%-5%); glycerol 225%; water for 
injection q.s.to.lOO;pH 5-8. Deferoxamine was optionally added (0.001 %-0.1% by 
weight). 

EXAMPLE 26 

[0096] This example demonstrates the preparation of a phamiaceutical coxnposition 
comprising propofol, albumin, vitamin E-TPGS, 1% oil, and a negatively dsiirged 
component (sodium deoxycholate). 

[00971 . An emulsion containing 1 % (by weight) of propofol was prepared by the 
following inethod. The aqueous phase was prepared by adding glycerol (2.25% by weight) 
and human serum albumin (0.5% by weight) into water for injection and stirred until 
dissolved. The aqueous phase was passed through a filter (0.2jim filter). Surfactant, e.g-. 
Vitamin E-TPGS (0.5%), was added to aqueous phase. The oil phase consisted of propofol 
(1% by weigjit) and 1% soybean oil. A small quantity of negatively charged component 
(0.001%-!%), e.g., sodium deoxycholate was added. The oil phase was added to the 
aqueous phase and homogenized at 1 0,000 RPM for 5 min. The crude miulsion was high 
pressure homogenized at 20,000 psi and recirculated for up to 15 cycles at S^C. Alternately, 
discrete passes through the homogenizer were used. The final emulsion was filtered (0.2(un 
filter) and stored under nitrogen. 

[009S] The resulting pharmaceutical composition contained the following general 
ranges of con^>onents (weight %): propofol 0.5-5%; human serum albumin 0.01-3%; 
Vitamm E-TPGS 0.1-2%; soybean or otiier oil (0.1%-5%); glycerol 2.25%; water for 
injection q.s. to 100; pH 5-8. Deferoxamme was optionally added (0.001%^.1% by 
weigjit). 
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EXAMPLE27 

[0099] This exaaq>le demonstrates the prepaiation of a pharmaceutical composition 
comprising propofol, albumin, vitamin E-TPGS, 1% oil, and a negatively diarged 
component (phospholipids, bile salts, polyaminoacids etc), 

[00100] An emulsion containing 1% (by weight) of propofol was prepared as follows. 
The aqueous phase was prepared by adding glycerol (2.25% by weigjit) and human serum 
albvmin (0.5% by weight) into, water for injection and stirred until dissolved. The aqueous 
phase was passed ftrough a filter (0.2^m filter). Suifectant, e.g.. Vitamin E-TPGS (0.5%), 
was added to aqueous phase. The oil phase consisted of propofol (1% by wd^) and 1% 
soybean oil A small quantity of negatively charged component (0.001%-1 %), e.g-, 
phosphatidyl choline was added The oil phase was added to the aqueous phase and 
homogenized at 10,000 RPM for 5 min. The crude emulsion was higji pressure 
homogenized at 20,000 psi and recirculated for up to 15 cycles at 5 ''C. Alternatively, 
disaete passes through the homogenizer were used. The final emulsion was filtered (0.2fmi 
filter) and stored under nitrogen. 

[00101] The resulting pharmaceutical composition contained the following general 
ranges of components (weight %); propofol 0.5-5%; human serum albumin 0.01-3%; 
Vitamin B- TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 2^5%; water for 
injection q.s. to 100; pH 5-8. Deferoxamine \vas optionally added (0.001%-0.1% by 
wdght). • 

EXAMPLE28 

[00102] This example demonstiates the binding of propofol to albumiiL 
[00103] The bindmg of propofol to albumin was determined as follows. Solubility of 
propofol was tested in water and in solutions containing albumin. 250 of propofol was 
added to 10 mL of a water or albumin solution and stirred for 2 hoins in a scintillation vial. 
The solution was then transferred to a 1 5 mL polyethylene centrifiige tube and kept at 40 X 
for about 16 hours. Samples of water and albumin solutions were assayed for propofol. 
Solubitity of propofol in water was determined to be 0.12 mg/ml. Solubility of piropofol in 
albumin solutions was dependent on the concentration of albumin and increased to 0.44 
TTig/ ml when the albumin concentration was 2% (20mg/ml). The solutions were ultrafiltered 
througji a 30kD MWCO filter and the filtrates were assayed for propofol It was found fliat 
for the propofol/water solution, 61% of the propofol could be recovered in the filtrate 
whereas for Ihepropofol/albumin solution, only 14% was recovered in the filtrate, 
jnfUnatiiig a substantial binding of propofol with albumin. Based on these results, addition 
of albumin to pharmaceutical compositions comprising propofol result in a decrease in the 
amount of fiiee propofol due to albumin binding of the propofol. 
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EXAMPLE 29 

[00104] Tliis GSSanplG demonstrates the reduction of free propofol in a phannaceutical 
composition by filtration/membrane contact 

[00105] As observed in the experiments described in Example 28, filtration or 
ultrafiltration of phannaceutical compositions comprising propofol results in a reduction in 
the amount of fi:ee propofol. Diprivan and a phannaceutical composition prepared in 
accordance with the present inyention containing albumin, each of yAnch contained 1% 
propofol (lOmg/iml), were ultrafiltered using a 30kD membrane. The amount of fiee - 
propofol was measured in the filtrate using HPLC. The concentration of fise propofol in 
the filtrate was about 17 |ig/ml for Diprivan, while the concentratioa of firee propofol in the 
filtrate was about 7 jig/ml for the inventive pharmaceutical composition.. The results 
corresjpond to an effective reduction of fi^e propofol by greater than a &ctor of 2 for 
phannaceutical composition comprising propofol and albumin. 

EXAMPLE 30 

[00106] Ihis example demonstrates administration of a pharmaceutical composition 
comprising propofol and albimiin to humans. 

[00107] A landomized, double-blind clinical trial was conducted to compare adverse skin 
sensations of a pharmaceutical composition comprising propofol and albiunin with that of a 
commercially available propofol formulation, Diprivan. Trials were conducted in 
compliance with Good Clinical Practices and informed consent was taken fix)m tiie subjects. 
Adult human subjects of either sex were eligible for participation if they had unbroken, 
apparently normal skin of dorsal side of their hands. 

The formulations originally stored in a refi:igerator were brought to room temjpeiature and 
then 10 |iL'of tiie formulations was placed slowly on the back side of botii tiie hands of a 
subject simultaneously. The overall reaction and feel on their hands for the formulations 
were noted. The results of tliis study are set forth in Table 1 . 



Table 1 



Order ofatest 
on a subject 


% of subjects with ABI-Propofol 
sensation 


% of subjects with Diprivan 
sensation 


Mild warm or 
stmging>>or biting 


No 
sensation 


Mild warm or 
stinging or biting 


No sensation 


1st incidence 


0.0 


100.0 


75 


25 
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EXAMPLE31 

[0100] This example demonstrates the use of deferoxamine as antioxidant in a 
phannaceutical comjposition comprising propofol. 

[0101] Phannaceutical compositions comprising propofol and deferoxamine mesylate, 
and containing tween or TPGS were stored at 4**, 25°, or 40 ""C to test the effect of \ 
deferoxamine mesylate in preventing oxidation of propofol. The concentration of propofol 
was measured for these formulations over time to determine the antioxidant activity of 
deferoxamine, . The data is reported below in Tables 2 and 3 as % potency relative to time 
zero. 



Table 2. Albumin/tween formulation 





1 month Storage 


Temp 


4<'C 


25 °C 


40 *C 


CONTROL 


100% 


88% 


48% 


0.01 %Def 


101% 


89% . 


61% 


0.1% Def 


103% 


89% 


64% 



Table 3. Albumin/TPGS formulation 





1 month Storage 


Temp 


4°C 


25 °C 


40 °C 


CONTROL 


99% 


73% • 


42% 


0.01%. DEF 


99% 


87% 


55% 


0.1% DEF 


99% 


85% 


58% 



[0102] Under these conditions, deferoxamine was efBcient in reducing the level of 
oxidation of propofol. The effect was more pronounced at higher temperatuces. No 
significant oxidation Occuned at 4 °C. Tliis study v^3s conducted using stoppers tibat were 
not inert or Teflon coated. 

EXAMPLE 32 

(6lOS\ This example demonstrates intrapuhnonary delivery of a pharmaceuticai 
composition comprising paclitaxel and albumin (ABI-007), 

[0104] The purpose of this study was to determine the time course of [^ABI-007 in 
. blood and select tissues following intratiacheal instillation to Sprague Dawley rats. . 
[0105] The target volume of the intratracheal dose formulation to be administered to Ihe 
animals was calculated based on a dose volume of 1.5 mL per kg body weigjit The dosing 
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apparatus consisted of a Penn-Century microsprayer (Model i A-IB; Pcim-Century, Inc., 
Philadelphia, PA; purchased from DeLong Distributors, Long Branch, NJ) attached to a 1- 
mL gas*tigjht, lu^-lock syringe. The appropriate volume of dose ptepaiatioa was drawn 
into the dosing apparatus, the filled apparatus was weighed and the weight-recorded. A 
catheta* was placed in the trachea of the anesthetized animal, the microsprayer portion of 
the dosing apparatus was placed into the trachea through the catheter, and the dose was 
administered After dose adiiiinistration the empty dosing apparatus was reweighed and the 
administeied dose was calculated as the difference in the weights of the dosmg apparatus 
before and after dosmg. The average dose for all animals was 4 J738 ± 0.0060 (CV L5059) 
mg paditaxd per kg body weight. 

[0106] Blood samples of approximately 250 fiL were collected fiom the indwelling 
jugular <^nini1aq of JVC rats at the following predetermined post-dosing time points: 1, 5, 
10, 15, 30, and 45 nunutes (min), and 1 , 4, 8, and 24 hours (h). The 24-h blood samples, as 
well as blood samples collected from animals sacrificed at 10 min, 45 min, and 2 h, were 
collected via cardiac puncture from anesthetized rats at sacrifice. All blood samples 
analyzed for total radioactivity were dispensed into pre- weighed sample tubes, and the 
sample tubes were leweighed, and the weight of each saniple was calculated by subtraction. ; 
The blood samples collected from the jugular vein as well as the 250-^L aUquots of blood 
collected fiom each animal at sacrifice were assayed for total tritium content 
* [0107] For all rats, the maximum concentration of tritium in blood was observed at 5. 
min (0,0833 hr) post dosing. The elimination half-life of tritium, determined over the time- 
interval fiom 4 h to 24 h, ranged from 1 9.73 h to 43 .02 h. It should be noted that this 
interval includes only three data points, which may account for the variability in this 
parameter. The apparent clearance of tritium from blood was on the order of 0.04 L/h The 
results of these estperiments are set forth below in Table 4. 

Table 4. Nonconipartmental Analysis of Blood Tritium Concentration (mg-eq/L) vs. Time 
Profiles in Rats After Intratracheal histillation of [^H] ABI-007 

Parameter Mean -f-/- SD 

Q„« (mg-eq/L) 1.615 +/- 0,279 

T„ax(hr) 0.0833 +/- 0.0 

tK2beta(hr) 33.02 +/-L99 ^ 

AUClast(mg-eqxhi/L) 7.051 +/- 1.535 

Cl/F (L/hr) 0.0442 +/- 0.0070 

Fa (BioavailabiUty) 1 :229 +/- 0.268 

(01081 The mean blood concentration of [^H] ABI-007-derived radioactivity after an 
intravenous dose to rats was analyzed as a fimction of time ui order to evaluate the 
bioavailability of tritium derived from an intratracheal dose of [^H] ABI-007. This analysis 
resulted m a 24-hour AUG (AUClast) of 6, 1354 mg-eq □ lu/L, Based on these data. 
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laidioactivitjr derived 6om the intratracheal dose of [^HJABI-OO? is hig^y bioavailahle. 
These analyses are based on total ladioactivity. 
[0109] Tritiiun derived &)m[^H]ABI-^07 is xapidlyabsoi^ 
instilliatioiL »The average absorption and elimination half-lives (kOl half-life and klO half- 
life, respectively) for tritium in blood after an intratracheal dose of [^H] ABI-007 (mean +A . 
SD) were 0.0155 +/- 0.0058 hr and 4.738 .+/- 0.366 hr, respectively. The average apparent 
clearance of tritium fiom blood was 0.1235 +/- 0.0180 L/hr (see Table 4 above). 
(OllOJ Tritium derived from [^H] ABI-007 was absorbed and distributed after 
intratrsdheal administratioiL The time course oftritium in blood was well described by a 
two^iiipairtment model, with mean absorption and elimination half-lives of 0.0155 and 
4 J38 hr, respectively. Approximately 28% of the administered dose was recovered iii the 
lung at lO min after the intratracheal dose. A maximum of less than 1% of the dose was 
recovered in other tissues, excluding the gastrointestinal tract, at all time points examined. 
[Dili] Based on results from a previously conducted intravenous dose study witii 
[^C^ol™, the bioavailability of tritium derived from the intratracheal dose was 1.229 ± 
0.268 (mean ± SD) for the three animals in this dose group. It should be noted, however, 
,1faat this estimate of bioavailability is based on total radioactivity. SurprisiDgiyy paclitaxel 
delivered by the pulmonary route usmg invention compositions with albumin was rapidly 
bioavailable indicating excellent transport across pulmonary endotfaeliunL No toxicity in 
the animals was noted, which was surprising since pulmonary delivery of cytotoxics is 
known to cause lung toxicities. 

[0112] A feir amount of radioactivity was present in the gastrointestinal tract (including 
contents) at 24 hr post dosing (27% for the intratracheal dose). The preserice of tritium in - 
the gastroiatestinal tract may be due to biliary excretion or clearance of tritium from the 
respiratory tract via mucociliary clearance with subsequent swallowing. 

• EXAMPLE33 

[0113] This exanq)le demonstrates an investigation of Aerotech II and Pari nebulizers 
for pulmonary delivery of pharmaceutical compositions comprising paclitaxel and albumin. 
[0114] The study was carried out using the paclitaxel-albumin pharmaceutical 
composition ABI-007 under the following conditions: room temperature (20-23^C), rielative 
humidity (48-54%), ambient pressure (629. mmHg), nebulizer flowrate (lOUvaia for 
• Aerotech II; 7 L/roin for Pari), total flowrate (28.3 L/min), nebulize pressure drop (23 
Ib^^ &>x Aerotech H; 32 Ib/in^ for Pari), run time (15 to 60 seconds), sa^^)le volume (1-5 
mL), ABI-007 paclitaxel concentration (5,10, 15 and 20 mg/mL). 
[0115] Botii Aerotech II and Pari nebulizers provided acceptable overall effidency 
(30%-609i) v/hca ABI-007 was reconstituted at a concentration range of 5-15 mg/mL. The 
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Pari nebulizer efiBdency had higher nebulizer efGciency than the Aerotech n nebulizer. 
The Pari nebulize efficiency decreased some^vfaat as AB 1-007 concentration ina:eased 
Excellent fine particle fraction was observed (74%-96%), The Aerotech II nebidizer had 
higher fine particle fi^ction than the Pari nebulizen The fine particle fi:action was 
independent of concentration- 

[0116] The Pari nebulizer delivered 100 mg of paclitaxel in less than 30 minutes using a 
15 mg/mL solution of ABI-007. The Aerotech n nebulizer delivered 100 mg of paclitaxel in 
about 65 min using either a 10 mg/mL or 15 mg/mL soUition of ABI-007. Performance 
stability was tested for both Aerotech II and Pari nebulizers. Aerosol concentration and 
effici^cy of both nebulizers were stable until the drug was exhausted At 15 mg/mL, the 
Pari nebulizer consumed the drug at twice the rate of the Aerotech n nebuliaser and 
produced higjier aerosol concentrations than that of the Aerotech 11 nebulizer. • 
[0117] In conclusion; the nanoparticle/albmnin formulation of paclitaxel (ABI-007)* 
shows excellent bioavailability in rats when administered by the pulmonary route. There 
were no overt signs of early toxicity at the administered dose. Pulmonary deUveiy of 
nanoparticle pacUtaxel (ABI-007) may be achieved using conventional nebulizers. 

EXAMPLE 34 

[011{l] This example describes intrapulmonary delivery of a pharmaceutical 
composition comprising albumin and rapamycin. The purpose of this study was to 
determine the pulmonary absorption of rapamycin In blood following intratracheal 
instillation to Sprague Dawley rats as compared to intravenous mstallation. 
[0119] . The target volume of the intratracheal dose formulation that was administered to 
the animals was calculated based on a dose volume of I iiiL per kg body. The intratiadieal 
dosing apparatus consisted of a Penn-Century microsprayer (Model lA-lB; Penn-Centuiy, 
Inc., Philadelphia^ PA; purchased from DeLong Distributors, Long Bianch, NJ) attached to 
a 1 mL gas-tig^t, luer-lock syringe. The appropriate volume of dose preparation was drawn 
intothedosingajpparatus, the f iled apparatus was weiglv^d and tiie weight-recorded A 
catheter was placed in the trachea of the anesthetized an i «iial, the microsprayer portion of 
the dosing £^aratus was placed into the trachea tlirough "he catheter, and the dose was 
administered After dose administration the empty dosing apparatus was rewei^ed and the 
adniinistra^ dose was calculai:ed as the difference in the weights of the dosing apparatus 
before and after dosing. 

[0120] 250 |iL samples were collected from the indwelling jugular cannulas of rats at 
the foUbwiEig predetermined post-dosing time points: 1, 5, 10, 15, 30, and 45 minutes (min) 
and 1, 4, 8, and 24 hours (h). All blood samples analyzed were dispensed into pre-weigjied 
sample tubes, and the sample tobes were reweighed, and the weight of each sample was 
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calculated by subtfact^oiL. The blood samples collected were assayed for total rapamydn 
concmtration using LC/MS/MS. 

[0121] Surprisingly, the results showed no significant difference in the bipod 
. concentration of rapamycin delivered via pulmonary route versus intravenously. The 
bioavailability of ?apamycin delivered by the pulmonary route using a pharmaceutical 
composition comprising albumin was calculated to be 109%, indicating excellent transport 
across pulmonaiy endothelium. 

' * EXAMPLE35 
[0122] . This example demonstrates tissue distribution of albumin-iapamydn after 
intrapulmonary adndnistration of a pharmaceutical composition comprising rapamydn and 
albumin prepared in accordance with the present invention. The purpose of this study was 
to determine the pulmonary absorption of rapamycin in tissue following intratracheal 
instillation to Sprague Dawley rats as compared to intravenous installation. 
[0123] The target volume of the intratracheal dose formulation that was administered to 
the animals was calculated based on a dose volume of 1 mL per kg body. The dosing 
^paratus consisted of a Peon-Century microsprayer (Model lA-lB; Penn-Centuiy, Inc., 
Philadelphia, PA4 purchased fi cm DeLong Distributors, Long Biandi, NJ) attadied to a 1- 
mL gas-ligih^ luer-ldck syriuge. The appropriate volume of dose preparation was drawn into 
the dosing apparatus, the filled r-pparatus was weighed and the weight-recorded. A catheter 
was placed in the trachea of the anesthetized animal, the microsprayer portion of the dosing 
appsratm was placed into tlie irrchea through the catheter, and the dose was administered. 
After dose administration the empty dosing apparatus was reweighed and the administered 
dose was calculated as the difference in the weights of the dosing apparatus before and after 
dosing. 

[0124] Samples were collected from the brain, lung, and, liver of lixree rats pier group 
per time pomt at 10 minutes, 45 minutes, 2 hours, and 24 hours. The samples were 
collected and analyzed for total rapamycin concentration using LC/MS/MS. The results 
indicate that rapamycin concentration is greater in lung tissue when delivwd via 
pulmonary as compared to intravenous delivery. However, the total concentration of 
rapamycin in tiie brain is lower when delivered via intrairacheal (IT) as compared to 
intravenous (TV), In the liver, tliere appears to be no difference in the concentration of 
rapamycin whether delivered IT or IV, Based on these results, puhnonary delivery of 
rapamycin may be suitable for • -ae treatment of a condition (i.e., lung transplantadoh), 
wherein hig^ local concentratit: 1 of rapamycin would be beneficiaL 
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EXAMPLE 36 

[0125] This example demonstrates oral delivery of a pharmaceutical composition 
comprising paclitaxel and albumin (ABI-007). 

[0126] Tritiated ABI-007 was utilized to detemine oral bioavailability of paclitaxel 
• following oral gavage in rats. Following overnight fasting, 5 rats were given 5,5 mg/kg 
paclitaxel in ABI-007 (Group A) and another 5 rats (Group B) were pretreated with 
cyclosporine (5.0 mg/kg) followed by 5.6 mg/kg paclitaxel in ABI-007.. A pliamiacokinetic 
analysis of blood samples drawn at 0.5, 1, 2, 3, 4, 5, 6, 8, 12, and 24 hours was performed 
aftedetemiinationofradioacti^aty in the blood samples by combustion Oral 
bioavailability was deterraiined by comparison with intravenous data previously obtained. 
The results are set forth below in Table 5. 

Table 5. Mean AUG 0-24, Cmax, Tmax and % Absorption of ^H-Paclitaxel Derived 
Radioactivity Following Oral Administration 

Group Treatment Dose/Route AUCO-24 Absorption Cmax (mg/kg) Tmax 
Jag/kg (jjgeqxhr/mL) (%) (jigxeq/mL) Qa) 

A ABI-007 in 5.5/POCP) 2.92 44.3 0.245 1 
, Normal Saliiie 

B ABI-007 in 5/PO(C),5.6/PO(P) 8.02 121.1 0.565 0.5 
• Nannal Saline with Cs A 

[01271 AUG 0-24 TV (6.06 x hrymL) and IV dose (5.1 mg/kg) were used for 
calculation of percent absoiption (data based on IV dose of ABI-007). 
[0128] An oral bioavailabil ity of 44% was seen for ABI-007 alone. This is dramatically 
hig^ than is seen for other formulations of paclitaxel. The bioavailability incteased to 
121% "wbsa animals were treated with cyclosporine (CsA). This is expected as CsA is a 
known suppressor of the p-glycoprotein pump that would normally prevent absoiption of 
compoimds such as paclitaxel from tlie GI tract. The greater than 100% bioavailability can 
be explained by reabsorption following biliary excretion of paclitaxel into the GI tract 
Other known suppressors or enJiancers of absorption may be also utilized for fliis purpose. 

EXAMPLES? 

[0129] Tliis example demonstrates improved penetration of paclitaxel into ted blood 
cells and tumor cells upon administration of a pharmaceutical composition conq)iising 
paclitaxel and albumin. 

[0130] Human MX- 1 breast tumor fragments were implanted subcutaneously in athymic 
mice. A pharmaceutical composition comprising pacliiaxel and albumin C^paclitaxel- 
albumin*^, as described pre viously, and Taxol were prepared with paclitaxel to a specific 
activity of 25 jiCi/mg paclitaxel. 20 mg^g radiolabeled paciitaxel-albumin or Taxol was 
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administeted intravenously in saline when tumor volume reached approximately 500 mm^. 
Plasma, blood, and tumor tissue were sampled and analyzed for radioactivity at 5, 1 S, and 
30 minutes and at 1, 3, 8, and 24 hours after administration Tumor pharmacokinetic (AUC 
iand absorption constant) was analyzed using WxiNonlin, Pharsight, USA. 
[0131] Paclitaxel-albuniin exhibited rapid partitioning into red blood cells (RBCs) as 
shown by a rapid drop of the plasma^lood radioactivity ratio to unity after intravenous 
administradon of the drug. Complete partitioning into RBCs occurred as early as 1 hr after 
administration of paclitaxel-albumin. In contrast, the partitioning of paclitaxel formulated 
. as Taxol into RBCs was much slower and was not completed until more than 8 hrs. 
[0132] .Paditaxel-albumin exhibited a rapid partitionmg into tumor tissue with an 
absorption constant (K^ that was 3.3X greater than Taxol. The Ka were 0.43 hr'^ and 0. 13 
hf ^ for paclitaxel-albumin and Taxol, respectively. Rapid uptake of paclitaxel resulted in* • 
33% higjier tumor AUC for paclitaxel-albumin than for Taxol. The AUC were 3632 
nCi*hr/g and 2739 nCi*hr/g for paclitaxel-albumin and Taxol, respectively. . 

EXAMPLE 38 

[0133] This example demonstrates tlie safety of a pharmaceutical composition 
compxising paditaxel and albumin administered to mice. 

[0134] . Athymic mice were treated with escalating doses of paclitaxel-^bumin or Taxol 
everyday for 5 consecutive days. Survival was plotted versus dose to determine the LD50. 
Survival was greatly improved with paclitaxel-albumin versus Taxol (p=0.017, ANOVA). 
The LD50 for paclitaxel-albumin and Taxol were calcidated to be 47 ing/kg/day and 30 
mg/l^day for a qld x 5 schedule, respectively. At a dose level of 13.4 mg/kg/day, both 
paclitaxel-albumin and Taxol were well tolerated with mortality of 1% (1 death out of 72 
mice) and 4% ( 2 deaths out of 47 mice), respectively. At a dose level of 20 m^l^day, 
lliete was 1% mortality for paclitaxel-albumin (1 death out of 72 mice) versus 17% 
mortality for Taxol ( 8 deaths out of 47 mice) (p=0.0025). At a dose level of 30 mg/kg^day, 
ttiere was 4% mortality for paclitaxel-albumin (3 deaths out of 72 mice) versus 49% 
mortalify for Taxol (23 deaths out of 47 mice) (p<0.0001). 

"example 39' 

[0135] This example demonstrates a novel paclitaxel transport mechanism across 
mioovessel endothelial cells (EC) for paclitaxel-albumin compositions. 
[01361 Nanoparticles and albumin-paciitaxel compositions can accumulate in tumor 
tissue due to EPR effect resulting from Meaky* vessels in a tumor. An albumin specific gp60 
receptor (albondin) transported albumin across EC by transcytosis of the receptors within 
caveolae at the cell sur&ce. This transcytosis mechanism allows for the transport of 
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albumin-paclitaxel to the underlying interstitial space. In contrast, cremophor in Taxol 
inhibited binding of paclitaxel to albumin, greatly reducing paclitaxel transport to tiie tumor. 
Li addition, flie gpl6 and gp30 receptors also were involved in intracellular transport of 
modified albumins containing bound paclitaxel, resulting in increased binding of paclitaxel * 
to endothelial cells with a greater anti-angiogenic effect as con^ared to Taxol. 

EXAMPLE40 

[0137] This example demonstrates an increase in endothelial transcytosis of 
pharmaceutical compositions comprisinf? paclitaxel and albumin as compared to TaxoL 
[0138] Human lung micro vessel endo ihelial cells (HLMVEC) were grown to 
confluence on a transwell. The inventive f pharmaceutical composition comprising paclitaxel 
and albumin, or Taxol contairung fluorescent paclitaxel (Flutax) at a concentration of 20 
^g/mL, was added to the upper transwell chamber. 

[0139] ' The transport of paclitaxel by ixanscytosis from the upper chamber to the lower 
chamber was monitored continuously using a fluorometer, A control containing only Flutax 
without albumin was also used. The conu ol vviih Flutax showed no transport, validating the 
integrity of the confluent HLMVEC monolayer. Transport of paclitaxel fiom tiie albifmin- 
paclitaxd composition was much faster ti-=:m paclitaxel from Taxol in the presence of 5% 
13SA (physiological concentrfition). Trai-. =poi*t rate constants (KJ for the albumin-^paclitaxel 
composition and Taxol were 1 ,396 hr** ai^i 0.03 hr"*, respectively. The total amoimt of 
paclitaxel transported across the monolayer was three times hi^er for the albunun- 
paclitaxel composition than Taxol. 

' EXAMPLE 41 

[0140] . Tliis example demonstrates in- proved endothelial cell (EC) binding by 
phannaceutical compositions comprisinc: 'raciitaxel and albumm as compared to TaxoL 
[0141] Human lunbilical vein endotJ. : :ial celis (I-IUVEC) were grown ona 96-well 
microtiter plate. In one experiment,' paclitaxel (Flutax- Oregon Green labeled paclitaxel) 
was reacted with the HUVEC in the presence of i ncreasing concentratioris of Cremophor 
EITEtOH, which is the vehicle for Taxol. hi another experiment, a pharmaceutical 
composition comprising albimiin and Flutax and a Taxol-FIutax composition were reacted 
to the HUVEC at various final concentr^Jions. Binding of paclitaxel to cells was iiihibited 
by Cremophor. Inhibition was exhibited IC50 of 0.02% of Cremophor EITEtOH. 
This concentration of Cremophor has be-., n shr \vn to persist during Taxol chemotherapy for 
at least 24 hours. Therefore, it is a relevrcat process in vivo. At all concentrations tested,'a 
significant amount of pacli tiixd from the albiraM n-paclitaxel composition became bound to 
cells. In comparison, little or no binding was observed for Taxol. 
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. EXAMPLE 42 

[0142] This example demonstrates improved albumin binding by phaimaceutical 
compositions comprising paclitaxel and albumin as compared to TaxoL 
[0143] Human Serum Albumin (USA) was immobilized on a plastic ELISA plate. 
Paclitaxel (Flutax- Oregon Green labeled paclitaxel) was reacted with the immobilized HSA 
in presence of increasing concentrations of Cremophor EL/EtOBL In another experiment, 
an albumin-piaclitaxel-Flutax composition and a Taxol-FIutax composition were reacted to 
inmiobilized HSA at a final concentration of 20 paclitaxel/mL. Binding of paclitaxel to 
albumin wais inhibited by Cremophor. Inhibition was exhibited by an IC50 of 0.003% of • 
Cremophor EL/EtOH. This concentration of CremopTior has been shown to persist during 
' Taxol chemotherapy for at least 24 hours. Therefore, it is a relevant process in vivo. At a 
relevant pharmacologic paclitaxel concentration (20 jig/mL), a significant amount of 
paclitaxel fi:om the albiunin-paclitaxel composition became bound to immobilized HSA. In 
.comparison, no binding was observed for Taxol. 

EXMiPLE43 

[0144] This example demonstrates increased transfer of paclitaxel to albumin for . 
pharmaceutical compositions comprising paclitaxel and albumin as compared to TaxoL 
[0145] Taxol-Flutax and albumin-paclitaxel-Fhitax compositions were mixed with 
either 5% HSA in Hanks buffer or semm, at 20 |Jg/mL, 40 fig/ml, and 80 jig/ml. The 
mixtures were immediately separated on a native 3-14% polyaciylamide gel and the amoimt 
of paclitaxel bound to valbumin was determined by a scanning fiuorometer. The transfer of 
paclitaxel to HSA was more rapid for the albiimin-paclitaxel composition v^sus TaxoL 
More paclitaxel co-electrophoresed with HSA when either serum or 5% HSA was incubated 
Willi the albumui-paclitaxel'Flutax composition or the Taxol-Flutax composition. Upon 
ejqposuie to 5% HSA, 45%, 60%, and 33% more paclitaxel transferred to HSA for tiie 
albumin-paclitaxel-Flutax composition tlian for the Taxoi-Flutax composition, at 20 jig/ml, 
40 [ig/ml, and 80 fig/ml, respectively. Upca exposure tc human serum, 121%, 31%, and 
83% more paclitaxel transferred to HSA for the albumin-paclitaxel-Flutax composition than 
for the Taxol-Flutax composition, at 20 ug'inl, 40 |ag/mL and 80 jig/ml, respectively, the 
Qnax for ABI-007 at 260 mg/m^ is approximately 20 |ig/mL, therefore this is an important 
process in vivo. 

EX/\iVIPLE44 

[0146] This example demonstrates tliat the glycoprotein receptor gp60 is responsible for 
binding and transcytosis of Bibumin-paclitavel. 
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[0147] Fluorescent labeled paclitaxel (Flutax) albumin compositions were contacted. 
vnib microvessel endothelial cells in culture. Fluorescent staining was observed under a 
microscope with evidence of punctuate areas tlxat were postulated to be the gp60 receptor 
binding the albumin-paclitaxel. This was confirmed by using rhodaxnine labeled albumin 
which colocalized with die punctuate fluorescence of paclitaxel. . 

EXAMPLE 45 

[0148] This example demonstrates that increasing amounts of albumin can compete . 
yniSx binding of paclit£ixel. 

[0149] Albumin was immobilized on a microtiter plate. Fluorescent paclitaxel was 
added into the wells and the binding of paclitaxel was measured using a scanning 
fluorometer. Llcreasing amounts of album in were added to tJie wells and the level of 

. inhibiton of paclitaxel binding to iimnobilized albumin was measured He data showed 
diat as the amoxmt of albumin added- was increased, a corresponding decrease in binding 

. was seen. A similar effect was seen with biading to endothelial cells. This indicated that 
higher albumin concentration inhibited biiici ing of pacliiaxeL Thus invention compositions 
having low^ amounts of albumin are prefeiTed. 

EXAMPLE 46 

[0150] ■ This example demonstrates thai io wer amounts of albumin in the inventive 
pharmaceutical composition results in stable compositions, 

[0151] To investigate if lower amounts of albumin in compositions would affect 
stability of the inventive pharmaceutical c^^ imposition, albur in-paclitaxel compositions with 
low amounts of albumin were prepared- It was found that these compositions were as stable 
as compositions with higher quantities of a ! bumin when exammed for several montiis at 
differmt temperatures (2-8 ^'C, 25 **C and 40 °C) for potency of paSclitaxel, impurity 
formation^ particle size, pH and other typlc A parameters of stability. Thus compositions 
with lower amounts of albmnin are prefeiT^d as tiiis can greatiy reduce cost as well as allow 
increased binding and transport to cells, 

E>L\MPLE47 

[0152] This example demonstrates a p ; • ^rmaceutical composition comprising albumin 
and paclitaxel having a high albumin to paclitaxel ratio. 

[0153] 30 mg of paclitaxel was dissolv .-d in 3.0 ml methylene chloride. The solution 
Was addedto 27.0 ml of human serum alh.:?nin solution (3/. w/v)(cones|ponduigtoaratio 
of albumin to paclitaxel of 27). Def-^rcxai: ine was added as necessary. Hie mixture wias 
homogenized for 5 muiutes at low RPiVf (\^ itiis homogeniz':;r, model Tempest LQ.) in order 
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to fi>m a Grade emulsion, and then traiisferred into a high piessuie homogenizer (Avestin). 
The emulsification was performed at 9000-40,000 psi vMc recycling the emulsion for at 
least 5 cycles. Hie resulting system was transferred into a rotary evaporator, and methylene 
chloride was rapidly removed at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. 
The resulting dispersion was translucent, and the typical average diameter of the resulting 
pacUtaxel particles was in the range 50-220 nm (Z-average, Malvem Zetasizer). The 
dispersion was finlher lyophilized for 48 hrs. The resulting cake was easily reconstituted to 
the ori^nal dispersion by addition of sterile water or saline. The particle size after 
reconstitudon was the same as before lyophilization. 

[0154] ' It l^uld be recognized that the amounts, types and proportioiis of drug, 
solvents, protdns used in this example are not limiting in any way. Whm compared to 
toxicity of paclitaxel dissolved in cremophor formulations, the inventive pharmaceutical 
composition containing albumin showed substantially lo wer toxicity. 

EXAMPLE48 

[0155] This example demonstmtes a pharmaceutical composition comprising albumin 
and paclitaxel having a low albumin to paclitaxel ratio. 

[0156] Specifically, 300 mg of paclitaxel was dissolved in 3.0 nd methylene chloride. 
The solution was added to 27 ml of human serum albumin solution (5% wAr). 
(corresponding to a ratio of albumin to paclitaxel of 4.5). Def^oxamine was added as 
necessary. The mixture was homogenized for 5 minutes at low RPM (Vitris homogenizer, 
model Tempest I.Q.) in order to form a crude emulsion, and then transferred into a high ' 
pressure homogenizer (Avestin), The emulsification was performed at 9000-40,000 psi 
while recycling the emulsion for at least 5 cycles. The resulting system was transferred into 
a rotary evaporator, and methylene chloride was rapidly removed at 40®C, at reduced 
pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was transluc^ and the 
typical average diameter of the resulting paclitaxel particles was in the range 50-220 mn (Z- 
average, Malvem Zetasizer). The dispersion was further lyophilized for 48 hrs. The 
resulting cake was easily reconstituted to the original dispersion by addition of sterile water 
or saline. The particle size after reconstitution was the same as before lyophilizalioiL 
[0157] It should be recognized that the amounts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in any way. When compared to 
toxicity of paclitaxel dissolved in cremopJior formulations, the inventive phaimaceutical 
composition containing albumin showed substantially lower toxicity. 
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EXAMPLE49 

[0158] This example demonstrates a phaimaceutical composition comprising albumin 
and pacUtaxel Imving an intermediate albumin to paclitaxel ratio. 
[0159] Specifically, 1 3 5 mg of pacKtaxel was dissolved in 3-0 ml methylene chloride. 
The solution was added to 27 ml of human serum albumin solution (5% w/v). 
Deferoxamine was added as necessary. The mixture was homogenized for 5 minutes at low 
RPM (Vitris homogenizer, model Tempest LQ.) in order to form a crude emulsion, and then 
transferred into a high pressure homogenizer (Avestin). The emulsification was peifonni^ 
at 9000-40,000 psi v^^dle recycling the emulsion for at least 5 cycles. The resulting system 
was transferred into a rotary evaporator, and methylene chloride was rapidly removed at 
40^C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent, and the typical average diameter of the resulting pacUtaxel particles was in the 
range 50-220 nm (Z-average, Malvem Zetasizer). The dispersion was further lyophiiized 
for 48 hrs. The riesulting cake was easily reconstituted to the original dispersion by addition 
of sterile water or saline. The particle size after reconstitution was the same as before 
lyophilisatioii. The calculated' ratio (w/w) of albumin to paclitaxel in this invention 
compodtion is approjoiriately 10. 

[0160] It should be recognized that the amoimts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in any way. When compared to 
toxicity of paclitaxel dissolved in cremophor formulations, the inventive pharmaceutical 
composition containing albumin snowed substantially lower toxicity. 

EXAMPLE 50 

[0161] This example demonstrates the treatment of rheumatoid artinitis in an animal 
model witii an albumin-paclitaxel coihposition. 

[0162] The collagen induced arthritis-model in the Louvain rat was used to test the 
tiienQ)eutic effect of albumin-paclitaxel composition on arthritis. The paw sizes of the 
exponmental animals were monitored to evaluate the sericusness of arthritis. 
[0163] . After thearLbritis was fully developed (usually ~9--10 days after collagen 
injection), the experimental animals were divided into different groiq>s to receive either 
albumin-paclitaxel Img-Tcg q.o.d, or albimiin-paclitaxel 0.5mg/kg + prednisone 0.2mg/kg 
q.o.d (combination treainient) intraperitoneally for 6 doses, theci one dose per week for 
three weejcs. The paw s i zes were measured at the beginning of treatment (day 0) and every 
time the drug was injected. One gi oup received only normal saline as control By the end 
of the experiment, the group receiving albumin-paclitaxe' achieved a 42% reduction of paw 
size, the combmation tr i^atment grcaip showed a 3 3% ledv tion of the paw size, widhd tiie 
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control groiq) had about 20% increase of the paw size relative to the time when the 
tieatment was initiated. 

[01(4] In conclusion, the albumin-paclitaxel compositions demonstrated therapeutic 
effect on arthritis. The albumin-paclitaxel combinations are likely to localize at sites of 
arthritic lesions by transport through receptor-mediated mechanisms like gp60. 

EXAMPLE 51 

[0165] This example demonstrates the use of albumin- paclitaxel compositions to treat 
cardiovasculair xiestenosis. 

[0166] Paclitaxel ehiting stents in animals cause incomplete healing and, in some 
instances, a lack of sustained suppression of neointimal growth in the arteries. The present 
study tested this efl5cacy of a novel systemic delivery albumin-paclitaxel invention 
compositions for reducing ia-stent restenosis. 

[0167] Saline-reconstituted albumin-paclitajcel was tested in 38 New Zealand White 
rabbits receiving bilateral iliac artery stents. Doses of albumin-paclitaxel (1.0 to 5.0 mg/kg 
paclitaxel dose) were adoiinistered as a lO-minute intra-arterial infusion; control animals 
received vehicle (0.9% normal saline). 

[0168] In a follow-up chronic experiment, albumiu-paclitaxel S.O mg/kg was giv^ at 
stenting with or without an inti avenous 3 J-mg/kg repeatalbumin-paclitaxel dose at 28 days; 
fliese studies were temilaated at 3 months. At 28 days, mean neomtimal thickness was 
reduced (p<=0,02) by doses of albumin-paclitaxel >= 2.5 mg/kg with, evidence of delayed 
healing. The efficacy of a single dose of albumin-paclitaxel 5.0 mg/kg, however, was lost 
by 90 days. In contrast, a second repeat dose of albumin-paclitaxel 3.5 mg/kg given 28 days 
after stenting resulted in sustained suppression of neointimal thickness at 90 days (p<=0.009 
Yccsm smg;le dose albuTnin-paclitaxel 5.0 mg/kg and controls) with nearly con^lete 
neointimal healing. 

[0169] Alfliough systemic albiixhin-paclitaxel reduces neointimal growfii at 28 days, ai 
single repeat dose was required for sustained neointimal siq)pressioiL Thus, the inventive 
composition is suitable for treatment of cardiovascular diseases such as restenosis. 
Inventive compositions comprisLug pharmaceutical agents other than paclitaxel, for example 
rapamycin, other taxan ^is, epotliilones etc, are all suitable for treatment of restenosis iu 
blood v^s^ls or artificif^l blood vessel grafts such as those used for arterio-venous access in 
pati^ts requiring hemodialysis. 
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WHAtiS CLAIMED IS: 

1. • A pharmaceutic^ composition comprising a pbannace^ 
phaiDi^utically acceptable carrier, wherein the phannaceuticaliy acceptable earner • 

, comprise albumin in an amount eflfective to reduce one or more side effects of 
. administration of the pharmaceutical composition into a human, and wherein the 

pharmacieutically acceptable .carrier comprises deferoxamine in an amount effective to . 

inhibit microbial groM^h in the pharmaceutical composition, 

2. ' lite pharmaceutical composition of claim 1 , \^erein the phatmaceutical 
.agmt is selected fiom the group consisting of anticancer agents, anesthetics, 
antunid^tabule agents, agents to treat cardiovascular disorders, antihypertensives, anti- 
inflanitti^ory agents, ajiti-arthritic agents, antiasthmatics, analgesics, vasoactive agents, 
immmiosiippressive agents, antifungal agents, antiarrhythmic agents, antibiotics, and 
hormones. * - . 

3. The phannaceutical composition ofclaim 2, vdi^:einflie pharmaceutical 
agdnt is iselected from the group consisting of paclitaxel, docetaxel, taxanes, camptotfaecin, 
propofol, amiodarone, cyclosporine, rapamycin, amphotericin, liothyronine, epothilones, 
colchiciniss, thyroid hoiiuones, vasoactive intestinal peptide, corticosteroids, melatonin, 
taax>linius, mycophenoiic acids, and derivatives thereof. 

4. The pharmaceutical composition of claim 3, wherein tiie pharmaceutical 
agent is propofol. 

. 5. The pharmaceutical composition of claim 1 , \^erein the pharmaceutical 
compbsition is a liquid nnd comprises from about 0. 1 % to about 25% by weight of albumin. 

•6. The phairaaceutical composition of claim 5, v^erein the pharmaceutical 
cdm^^dn comprises about 0.5% to about 5% by weight of albumin. 

7. The pharmaceutical composition of claim 5, wherein the pharmaceutical 
composition is dehydrctted. 

* 8. The pharmaceutical composition of claim 6, i?^erein the pharmaceutical 
conqxisition is lyophili.- d. 
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9. The pharmaceutical composition of claim 1, vdierein the pharmaceutical 
composition comprises a mesylate salt of deferoxamine. 

10. The phannaceutical composition of claim 9, vAerein the pharmaceutical « 
composition is a liquid and comprises fi:om about 0.0001% to about 0.5% by weight of 
deferoxamine mesylate. 

11. The pharmaceutical composition ofclaim 10, wherein the pharmaceutical 
composition comprises about 0.1% by weight of deferoxamine mesylate. 

12. Ibe pharmaceutical composition of claim 10, vdierein the phannaceutical 
composition is dehydrated. "" \ 

13. The phannaceutical composition of claim 12, v^erein the pharmaceutical 
cpmpdsiiion is lyophilized. 

.14. The pharmaceutical composition of claim 1 , \dierein the pharmaceutical 
<^n!ipidsition is an oil-in-water emulsion. - 

15. The pharmaceutical composition of claim 5, herein die phannaceutical 
' agesot is {nopofoL 

1 6. The pharmaceutical composition of claim 1 0, wherem the phannaceutical 
agent is propofol. • 

17. The pharmaceutical composition of claim 9, whmin the phannaceutical 
agent is propofol, the propofol is present in an amount from about 0.1% to about 5% by 
weight, the albumin is present in an amount from about 0.1% to about 25% by weight, and 
the deferoxamine mesylate is present in aii amount from about 0.0001% to about 0.5% by 
wdg^ 

. 18. A pharmaceutical composition comprising a phannaceutical agent and a 
pharmaceutically acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises albumin in an amount effective to reduce one or more side effects of 
administcation of the pharmaceutical composition into a bjman, and i^erein the 
pfaaiimaceudcaUy acceptable carrier comprises deferoxamine in an amount effective to 
inhibit oxidation in the pharmaceutical composition. 
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19. A method for reducing one or more side effects associated with 
administratioii of a pharmaceutical composition to a human, which method comprises 
adtbinistering to a human a pharmaceutical composition comprising a pharmaceutical agent 
and k pharmaceutically acceptable carrier, wherein the pliaimaceutically acceptable carrier 
comprises albumin and deferoxamine. 

. 20. ' The method of claim 19, wherein the phannaceutical agent is selected from 
ikt gioiq) consisting of anticancer agents, anesthetics, antimicrotubule agents, agents to treat 
c^itiiovascular dis^ antihypertensives, anti-inflammatoiy agents, anti-arfhritic agents, 
aoiti^istfamatics, analgesics, vasoactive agents, immunosuppressive agents, antifungal agents, 
ain3|ianiiy^^ agents, antibiotics, and hormones. 

21. Ite method of claim 20, wherein the phannaceutical agent is selected from 
flie group consisting of paclitaxel, docetaxel, taxanes, camptothecio, propofol, amiodarone, 
cyclb^orine, rapamyciii, amphotericin, liotliyronine, epothilones, colchicines, thyroid 
hdiM)nes, vasoactive it testinal peptide, '..oiticosteroids, melatonin, tacrolimus, 
my6^ihenolic acids, and derivatives ther ;f f. 

I 22. The metliod of claim 21, v^herein the pharmaceutical agent is propofoL 

23. The method of claim 1 9, wherein the pharmaceutical composition is a liquid 
and comprises from about 0.1% to about 25% by weight of albumin. 

\ 24. The metliod of claim 23, wherein tlie pharmaceutical conqx)sition comprises 
about 0.5% to about 5% by weight of alb irnin- 

25. The method ofclmm 23, wherein the pharmaceutical conqK)sition is 
dehydratisd. 

26. The method of claim 25, v/herein the phannaceutical composition is 
lyoplulized. 

: 27. The method of claim 23, vdierein tlie pharmaceutical agent is propofol. 



: 28. The method of claim 1 9, wherein the pharmaceutical composition comprises 
a m^sr^ate salt of deferoxamine. 
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29. Tlie method of claim 28, wherein the pharmaceutical xx)nq^ 

and compiises &om about 6.0001% to about 0.5% by weight of deferoxamine mesylate, 

30. The method of claim 29, wherein the pharmaceutical composition coioaprises 
abbtit 0.1% by weight of deferoxamine mesylate. 

31. The method of claim 29, wherein the pharmaceutical composition is 
dehydrated. , • . • 

32. Ihe method of claim 3 1 , wherein the pharmaceutical composition is 
lydpfailized. 

33. . ' The method of claim 29, wherein the pharmaceutical agent is propofoL 

34.. The method ofclaim 28, wherem the pharmaceutical agent is propofol, the 
prbpofol is present in an amount from about 0.1% to about 5% by weighs the albumin is 
present in an amount from about 0. 1 % to about 25% b^ weight, and the deferoxamine 
mesylate is present in an amount from about 0.0001% to aboutO.5% by weigJiL 

35. The method of claim 1 9, wherein the pharmaceutical composition is 
jadministered to the human via intravenous administration, intra-arterial administration, 
intrapulmonary administration,.oral administration, inhalation, intra-tradieal administration, 
intravesicular administration, intramusculcir administratic -Tu subcutaneous administration^ 
intraocular administration, intrathecal adi7iinistration, or t-msdermal administration. 

36. The method of claim 1 9, wherein the one or more side effects are selected 
from the group consisting of myelosupprei^sion, neuroto>ucity, hypersensitivity, venous 
initation, inflammation, phlebitis, pain, skin irritation, in combinations thereof. 

37. A method for inhibiting microbial gro v.'th la a pharmaceutical composition, 
\^ch method comprises preparing a phari^iaceutical coj; position comprising a 
phattnaceutical agent and a pharmaceuticeliy acceptable - -Trier, wherein the 
pbarmaceutically acceptable carrier comprises deferoxamine in an amoimt effective for 
iohibitkig microbial growth in the phamiaceutical comporrition. 
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38. The method of claim 37, wherem the phannace^ 
a mes3date salt of deferoxamine. 

... 39. The method of claim 3 8, wherein the pharmaceutical composition is a liquid 
aM comprises fix)m about 0.0001% to about 0.5% by wei^;ht of deferoxamine mesylate. 

40. The method of clmm 39, wherein the phnnnaceutical composition comprises 
about 0.1% by weight of deferoxamine mesylate. 

41. Themethodof claim 39, wherein the pharmaceutical composition is 
ddiydrated 

42. The miethod of claim 4 1 , wherein the ph ?. ' ro.aceutical composition is 
iyo^philized 

. 43. The method ofclaim 37, wherein the pharraaceuticd composition 

con^nises albumin. 

44. A method for inHbiting oxidation ofaph?j:maceutical composition, vAidi 
meihod'comprises prepaiing a pharmaceutical composi' . comprising a pharmaceutical 
agent and a phannaceutically acceptable carrier, wherei i - ;ae pharmaceutically acceptable 
carrier comprises deferoxamine in an amount effective ! inhibiting oxidation of the 
pharmaceutical composition. 

.45. The method of claim 44, wherein the pharmaceutical composition colrprise^ 
a iiles^ate salt of deferoxamine. 

46. The method of claim 45, wherein the pharmaceutical composition is a Uqi^^ 
and comprises fiom about 0.0001% to about 0.5% by vv 3t of deferoxanoine mesylate. 

; 47. The metliod of claim 46, wherein the phrii : aceutical composition comprises 
about d.1% by wei^t of deferoxamine mesylate. 

'48- The method ofclaim 46, wherein the phsn:iaceuticaloon5)osition is 
ddiydrated. 
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49. The method of claim 48, wherein the pharmaceutical composition is ' 
lyophHized. 

50. The method of claim 44, wherein the pharmaceutical conq)osition further 
comprises albumin. 

51. ' A method for enhancing transport of a pharmaceutical agent to the isite of an 
infinnity, \^ch method comprises administering to a human a pharmaceutical composition 
coiqprising a pharmaceutical agent and a phaiinaceutically acceptable carder, wherein the 
pharmaceiitically acceptable carrier comprises albumin, and wherein the ratio of albumin to 
phannaceiutical agent in the pharmaceutical composition is about 18:1 or less. 

. 52. The method of claim 5 1 , wherein the pharmaceutical agent is selected from 
the group consisting of anticancer agents, anesthetics, antiinicrotubule agents, agents to treat 
cardiovascular disorders, antihypertensives, anti-inflammatory agents, anti-arthritic agents, 
antiasthmatics, analgesics, vasoactive agents^ immunosuppressive agents, antifungal agents, 
antiarchytfamic agents, antibiotics, and hormones. 

53. Hie method of claim 52, wherein the pharmaceutical agmt is selected from 
the gjxfitp consisting of paclitaxel, .docetaxel, taxanes, camptothecin, propofol, amiodarone, 
cyclosporine, rapamycin, amphotericin, liothyronine, epoi hilones, colchicines, thyroid 
hormones, vasoactive intestinal peptide, coiticosteroids, melatonin, tacrolimus, 
mycophenolic acids, and derivatives tliereof. 

54. The method of claim 51, wherein the pharmaceutical agent is a micldc add 
sequence. 

55. The method of claim 54, wherein the nucleic acid sequence is a DNA 
sequence 

56. Tlie method of claim 5 1 , w herein the inC imity is selected &om the group 
cohisisting of cancer, arthritis, and cardiovascular disease. 

57. Hie method of claim 51 , wherein the pharmaceutical coirqx>sition is a liquid 
ami comprises from about 0.1% to about 2 5% by weight of albumin. 
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58. Tte method of claim 57, wherein the pharmaceutical composition comprises 
about 0.5% to about 5% by weight of albumin. 

59. The method of claim 57, wherein the pharmaceutical composition is 
dehydrated. 

60. The medidd of claim 59, wherein the pharmaceutical composition is 
lyophilized. 

61. The method of claim 51, wherein the ratio of albumin to phannaceutical . 
agent in the phannaceutical composition h about 12: 1 or less.. 

62« . Ihe method of claim 51, wherein the ratio of albumin to phannaceutical 
agent in the pharmaceutical composition is about 9: 1 or less. 

. 63 . The metiiod of claim 5 1 , wherein the phannaceutical composition is 
administered to the human via intravenous administration, intrararterial administration, 
intrqnilmoiiaryadministmtion, oral administration, inhalation, intra-tracheal administration, 
intravesicular administration, intramuscular administration, subcutaneous administration, 
intraocular administration, intrathecal administmtion, or transdermal administration. 

- 64. A method for enhancing binding of a phannaceutical agent to a cell in vitro 
or in vivo, which method comprises adm'ir. Lstering to said cell in vitro or in vivo, a ' 
phannaceutical composition comprising a pharmaceutical agent and apharmaceutically 
acceptable carrier, wherem the pharmacei:; ically acceptable carrier comprises albumin, and 
iT^erein the ratio of albmnin to phamiacei: :i cal agent m ihe pharmaceutical composition is 
about 18:1 or less. 

65. The method ofclaim 64, wherein the pharmaceutic^ agent is selected fibm 
the groiqp consisting of anticancer agents, nr.esthetics, aiitimicrotubule agents, agents to treat 
cardiovascular disorders, antihypertensives, anti-inflammatory agents, anti-arthritic iagents, 
antiasthmatics, analgesics, vasoactive ager 'in, immunosuppressive agents, antifimgal agents, 
antianhytfamic agents, antibiotics, and hmones. 

. 66- The method of claim 65, wherein the pharmaceutical agent is selected fiom 
the group consisting of paclitaxel, docelsxeL taxanes, camptothedn, propofol, amiodarone, 
cyclosporine, lapamycin, amphotericin, jiciJiyronine, epotii lones, coldiicines, thyroid 
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hormones, vasoactive intestinal peptide, corticosteroids, melatonin, tacrolimus, 
mycophenolic adds, and derivatives thereof. 

67. The method of claim 64, wherein the pharmaceutical ag^ is a nucleic acid 
sequence. 

68. . The method of claim 67, wherein the nucleic acid sequence is a DNA 
sequence 

69. The method of claim 64, wherein the cell is an endothelial celL 

' 70. The method of claim 64, wherein the pharmaceutical composition is a liquid 
and comprises fiom about 0.1% to about 25% by weight of albiimin. 

71 . The method of claim 70, wherein the pharmaceudcal composition comprises 
about 0.5% to about 5% by weight of albumin. . 

72. Tlie method of claim 70, wherein the pharmaceutical composition is 
dehydiiated. 

73. The method of claim 72, wherein the pharmaceutical composition is 
lyophiUzed. - 

74. • The method of claim 64, wh erein the ratio of albumin to phatmaceiutical 
agent in the pharmaceutical composition is about 1 2: 1 or \zf:s, 

75. ' Hie method of clmm 64, wherein the ratio of albumui to pharmaceutical gent 
in the phannaceutical composition is about 9 : 1 or less 

76. The method of claim 64, wherein the pharmaceutical composition is 
administered to the cell in vivo via intravehciis admiiiistrati : n, intm-arterial administration^ 
intrapulmonary administration, oral adminislration, inhak^' n, intra-tracheal administration^ 
intravesicular administration, intramuscular administration,, ubcutaneous administratioUy 
intraocular administration, intrathecal adifiinistration, or trni ^dermal administration. 

77. A pharmaceutical composition comprismg a pharmaceudcal agent anda 
phannaceutically acceptable carrier, wherein the pharmac^^^vtically acceptable carrier 
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comprises albumin in ah amount effective to reduce one or more side .effects of 
administration of the pharmaceutical composition into a human, and vdierein &e ratio of 
albumin to pharmaceutical agent is about 1 8 : 1 or less. 

78. The pharmaceutical composition of claim 77, wherein the ratio of albumin to 
pharmaceutical agent in the pharmaceutical composition is about 12:1 or less. 

79. The pharmaceutical composition of claim 77, wherein tiie ratio of albumin to 
pharmaceutical agent in the pharmaceutical composition i.> bout 9:1 or less. 

80. A pharmaceutical composition comprising a pharmaceutical agent and a 
pharmaceutically acceptable, carrier, wherein the pharmace ntically acceptable carrier 
comprises albumin in an amount effecti\e to increase trar sport of the drug to tiie site of 
infirmity in a human, and wherein the ratio of albumin to phaimaiceutical agent is about* 
18:1 or less. 

81. The phannaceuticd composition ofclami SO, wherein tiie ratio of dbumih to 
pharmaceutical agent in the pharmaceutical composition is «bout 12:1 or less. 

82. The pharmaceutical composition of claim .\ wherem the ratio of albumin to 
pharmaceutical agent in tlie pharmaceutical composition U bout 9:1 or less. 

83. The pharmaceutical composition of claim F-^'. wherein the infirmity is 
selected fiiom the group consisting of cai-icer, arthritis, an ' .".rdiovascular disease. 

84. The pharmaceutical composition of claim 1 , vherein the ratio of albumin to 
pharmaceutical agent is about 1 8 : 1 of less. 

85. A method for increasing the transport of a j i armaceutical agent to a cell in 
vitro or in vivo by combining said agent with a protein, wb neinsaid protein binds a specific 
cell-sur&ce reenter on said cell, wherein said binding of : protein-pharmaceutical agent 
combination with the said receptor causes (he traiisport to zxar, and vdi^in the ratio of 
protein to pharmaceutical agent is about i S: 1 or less. 

86. The method of claim 85, v -herein the prote* - is albumin. 

87. The method of claim 85, wherein tlie phar -^^^eutical agent is selected fi:om 
the groip consisting of anticancer agent?, -iiestbetics, ar :rotubule agents, agents to treat 

I 
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cardiovascular disorders, antihypertetisives, anti-inflammatory agents, anti-arduitic agents, 
andasfiunadcs, analgesics, vasoactive agents, imxnunosupp: essive agents, antifungal ag»ts, 
andatthytimiic agents, antibiotics, and hormones. 

88. The inethod of claim 87, wherein the pharmaceutical agmt is selected fix)m 
the gtoup consisting of paclitaxel, docetaxel, taxanes, camptothecin, propofol, amiodarone, 
cyclosporine, rapamycin, amphotericin, liothyronine, epotbilones, colchicines, thyroid 
hormones, vasoactive intestinal peptide, corticosteroids, rD!:latonin, tacrolimus,, 
mycophenolic acids, and derivatives thereof. ' * 

89. The method of claim 85, wherein the ratio of albumin to pharmaceutical 
ag^ in the pharmaceutical composition is abdut 12: 1 or le^s. 

90. ThemethodofclaimSS, wherein the ratio of albumin to pharmaceutical 
agent in the phannaceutical composition is about 9:1 or less. 

9L A pharmaceutical composition comprising a pharmaceutical agent and a 
phaimaceutically acceptable carrier, v^erein the pharmaceutically acceptable carrier 
comprises a protein in an amount effective to reduce one or more side effects of 
adnunistration of the pharmaceutical composition into a 1. jqian, and wh^in the ratio of 
protein to pharmaceutical agent is about 18:1 or less. 

92. The pharmaceutical composition of claim 9 3 , wherein the ratio of protein to 
* phannaceutical agent in the pharmaceutical composition about 12:1 or less. 

93. He pharmaceutical composition of cl2um 9 1 , viieiein the ratio of protein to 
pharmaceutical agent in the pharmaceutical composition ^ • bout 9:1 or less. 
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